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ABSTRACT 



This invention relates to a solid phase helicase assay for 
identifying helicase inhibitors. The assay having a model 
helicase substrate adsorbed on a solid support, the model 
helicase substrate being an immobilized extended single - 
stranded nucleic acid polymer hybridized to a labeled heli- 
case reaction product. The presence of the labeled helicase 
reaction product is detectable in solution on helicase activity. 
Also described is a method for measuring the helicase 
inhibiting ability of test substances thus, making the assay 
useful for identifying pharmaceutically important helicase 
inhibitors. 

10 Claims, 6 Drawing Sheets 
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QUANTITATIVE SOLID PHASE HELICASE 
ASSAY 

This application claims the benefit of U.S. Provisional 
Application No. 60/052,809 filed Jul. 17, 1997. 5 

TECHNICAL FIELD OF THE INVENTION 

This invention relates to a solid phase assay to measure 
quantitatively the abiUty of a test compound to inhibit DNA 
or RNA helicase activity. This assay advantageously sim- 
plifies the quantitation of helicase activity, and is especially 
well suited for rapid quantitation of large numbers of indi- 
vidual samples. The assays and methods of this invention 
may be used to identify pharmaceutically important helicase 
inhibitors. 



15 



BACKGROUND OF THE INVENTION 

Helicases are mechanochemical enzymes that couple the 
energy of nucleoside triphosphate hydrolysis to the dehy- 
bridization or unwinding of duplex nucleic acid molecules 
(1). Nucleic acid unwinding is of central importance in a 
variety of nucleic acid transactions that include the 
transcription, translation, recombination, and replication of 
genetic material. The, importance of helicases is further 
underscored by the large number of DNA or RNA helicases 
identified in prokaryotic and eukaryotic organisms. 

Assays that are both rapid and quantitative for the routine 
measurement of heUcase activity have not been available. 
There have been essentially two types of helicase assays 3Q 
developed to date. One type of assay has relied on the 
generation of single-stranded, nuclease sensitive molecules 
from nuclease insensitive, uniformly radiolabeled double- 
stranded substrates, followed by the quantitation of acid 
soluble nucleotides (2). Alternatively, helicase activity has 35 
been determined by the unwinding of model duplex sub- 
strates comprised of a labeled oligonucleotide hybridized to 
a larger unlabeled single -stranded molecule followed by size 
separation (3, 4). Because of the difficulty in obtaining assay 
substrates suitable for performing the first type of assay, the 4Q 
latter assay has been more commonly utilized. The use of 
model duplex substrates has also generated the greater 
variety of nucleic acid structures necessary for the detection 
of activity associated with different classes of helicase 
enzymes. 45 

Although the construction of model helicase substrates is 
useful for detecting enzyme-associated helicase activity, the 
measurement of that activity is unduly tedious when large 
numbers of assays need to be performed. This is due to the 
methods commonly employed in the quantitation of helicase 50 
reaction products. Helicase reaction products have primarily 
been separated from substrates by non-denaturing PAGE (4). 
Alternative methods have included the hybridization of 
single -stranded helicase-generated nucleic acid molecules to 
scintillant-containing beads or fluorescence methods based 55 
on resonance energy transfer properties of labeled nucleic 
acid molecules or specific double -stranded DNA dyes (5-8). 
In one recently published solution phase helicase assay, 
DNA intercalators were used as an indicator fluorescent dye 
for double-stranded DNA molecules (8). In that assay, go 
helicase activity was measiured by a decrease in fluores- 
cence. 

Each of the above-described quantitative methods suffers 
from individual drawbacks in terms of accuracy, 
reproducibility, use of special or sophisticated equipment, 65 
time required, expense and capacity to measure routinely 
large numbers of samples for helicase activity. 



SUMMARY OF THE INVENTION 

This invention overcomes the drawbacks associated with 
the previous helicase assays by providing a solid phase assay 
in which the product of the helicase reaction may be readily 
and quantitatively detected. 

The prime objective of this invention is to provide a solid 
phase assay comprising a model helicase substrate adsorbed 
on a solid support, wherein the model helicase substrate 
comprises an immobilized extended single-stranded nucleic 
acid polymer hybridized to a labeled helicase reaction 
product, wherein the presence of the labeled helicase reac- 
tion product is detectable in solution on helicase activity. 

Another objective of this invention is to provide a method 
for measuring the helicase inhibiting ability of a test sub- 
stance comprising the steps of: 

(a) immobilizing on a solid support a model helicase 
substrate comprising an extended single-stranded 
nucleic acid polymer hybridized to a labeled helicase 
reaction product, wherein the labeled helicase reaction 
product is detectable in solution on helicase activity; 

(b) contacting the immobilized model helicase substrate 
with a test substance to produce a reaction premix; 

(c) contacting the reaction premix of step (b) with a 
helicase capable of releasing the labeled helicase reac- 
tion product into solution on helicase activity; and 

(d) measuring the amount of labeled hehcase reaction 
product released into solution as a function of time. 

A further objective of this invention is to provide inhibi- 
tors of helicase activity identified using the assays and 
methods of this invention. 

These and other objectives will be readily appreciated by 
those of ordinary skill in the art based upon the following 
detailed disclosure of this invention. 

BRIEF DESCRIPnON OF THE DRAWINGS 

FIGS. lA, IB, IC. Schematic representation of the steps 
in the solid phase helicase assay, A. Adsorption of radiola- 
beled model helicase substrates to derivatized surfaces. B. 
Progression of the helicase reaction. C. Release of soluble, 
labeled helicase reaction products. Quantitation of the heli- 
case reaction products by scintillation counting reaction 
mixture aliquots. NTP, nucleoside 5'-triphosphate; NDP, 
nucleoside 5 '-diphosphate. The helicase enzyme is repre- 
sented as a heterotrimer. 

FIGS. 2 A, 2B. Adsorption of model helicase substrates 
and helicase reaction products is pH and surface -dependent. 
Adsorption of nucleic acids and subsequent quantitation was 
carried out as described herein, wherein the pH of the citrate 
buffer used for adsorption was varied between 3.0 and 7.0 as 
indicated in FIG. 2. Surfaces used were derivatized with 
avidin (®), streptavidin (O), glycine (□)or PBS (S). 
Results are the mean of triplicate samples. Adsorption of 
helicase substrates (A), adsorption of the radiolabeled 
68-mer helicase reaction product (B). 

FIG. 3. Helicase enzyme and ATP are required for 
unwinding of adsorbed duplex substrates. Helicase substrate 
was adsorbed to avidin -derivatized 96 well plates for heli- 
case reactions. Increasing amounts of the HSV-1 helicase- 
primase holoenzyme were added as indicated in either 
Buffer C (®) or Buffer C with ATP deleted (O). Helicase 
activity was determined after 15 min of reaction time. 
Results are the mean±standard error of triplicate samples. 
Note: Error bars do not show beyond the points. 

FIG. 4. Helicase activity is proportional to reaction time 
in the solid phase helicase assay. Helicase assays were 
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performed and results quantitated with avidin-derivatized 
plates. Helicase assays were assembled in Buflfer C with 6.8 
pmol of the HSV-1 helicase -primase holoenzyme per reac- 
tion (O) or in Buffer C without ATP (O) to determine 
background values. Results are the mean±standard error of 5 
triplicate samples. 

FIG. 5. Helicase activity of the HSV-1 helicase-primase is 
prevented by non-specific enzyme inhibitors. Helicase 
assays were performed and results quantitated with avidin- 
derivatized plates. Assays were assembled in triplicate with lO 
6.8 pmol HSV-l helicase-primase holoenzyme per reaction 
in the presence of the indicated nucleoside derivative. Reac- 
tions were allowed to proceed for a period of 20 min. prior 
to termination and quantitation. Either ATPyS,(®); ADP, 
(O); ADPPS, (H); AMPPNP, (□); AMPPCP, (A) was added 15 
at the indicated concentrations. A background value of 299 
cpm (standard error=54 cpm, n=3) was subtracted from 
individual data points prior to the calculation of means and 
standard errors. 

FIG. 6. Inhibition of the NTP-driven helicase activity of 20 
the HSV-1 helicase-primase by ADP. Helicase assays were 
performed and results quantitated with 6.8 pmol HSV-1 
helicase-primase holoenzyme per reaction in the presence of 
the indicated nucleoside avidin-derivatized plates except 
that Buffer C contained 4.0 mM of one of the nucleoside 25 
triphosphates indicated below to drive the helicase reactions. 
ADP was added as a non-specific nucleoside helicase inhibi- 
tor at the indicated concentrations. A background value of 
368 cpm (standard error=44 cpm, n=ll) was subtracted from 
each point prior to the determination of means and standard 30 
errors. Helicase assays contained ATP (®), GTP (O), CTP 
(H), or UTP (□), 



DETAILED DESCRIPTION OF THE 
INVENllON 



35 



In order that the invention herein described may be more 
fully understood, the following detailed description is set 
forth. As used herein, the following abbreviations apply: 
ADPpS«adcnosine-5'-0-(2-thiodiphosphatc) 
AMPPCP«adenylyl(p,v-methylene)-diphosphonate 40 
AMPPNP«adenylyl-imidodiphosphale 
ArPYS«adenosine-5'-0-(3-thiotriphosphate) 
BS^=bis(sulfosuccinimidyl) suberate 
BSA=bovine serum albumin 

DTT=dithiothreitol 45 
EGTA=ethylene glycol-bis(p-aminoethyl ether)-N,N'- 

tctraacetic acid 
HSV-1 «hetpes simplex virus type 1 
PAGE-polyacryiamide gel electrophoresis 
PBS-phosphate -buffered saline 50 
SDS=sodium dodecyl sulfate 
SSB^single-stranded DNA binding protein. 
Surfact-Amps 20«Tween 20 

The solid phase assay of this invention comprises a model 
helicase substrate adsorbed on a solid support, wherein the 55 
model helicase substrate comprises an immobilized 
extended single -stranded nucleic acid polymer hybridized to 
a labeled helicase reaction product, wherein the presence of 
the labeled helicase reaction product is detectable in solution 
on helicase activity. 60 

The assays of this invention are particularly well suited 
for identifying helicase inhibitors. Specifically, the assays of 
this invention are suitable for use in a method for measuring 
the helicase inhibiting ability of a test substance such as a 
test compound comprising the steps of: 65 

(a) immobilizing on a solid support a model helicase 
substrate comprising an extended single-stranded 



nucleic acid polymer hybridized to a labeled helicase 
reaction product, wherein the labeled helicase reaction 
product is detectable in solution on helicase activity; 

(b) contacting the immobilized model helicase substrate 
with a test substance to produce a reaction pre mix; 

(c) contacting the reaction premix of step (b) with a 
helicase capable of releasing the labeled helicase reac- 
tion product into solution on helicase activity; and 

(d) measuring the amount of labeled helicase reaction 
product released into solution as a function of time. 

Solid support materials thai can be used for this assay 
include any conventional support materials, including (but 
not limited to) polystyrene, polyvinyl chloride or polycar- 
bonate microtiter plates or beads and derivatized argarose or 
acrylamide beads, llie preferred support material for the 
assays of this invention is a polystyrene 96-w6ll microtiter 
plate. The surface of the solid support material is preferably 
derivatized with a protein. However, other small DNA- 
interaction promoting materials (e.g., glycine) may also be 
used. In general, preferred derivatized surfaces for use in the 
assay of this invention arc characterized by promoting (1) a 
stable interaction between the derivatized surface and the 
helicase substrate at acidic pH (i.e., between about 2 and 
about 5, but preferably between about 3 and about 4.5) and 
on transfer to neutral pH (i.e., between about 6 and about 8) 
(see FIG. 2A) and (2) a lack of binding affinity between the 
derivatized surface and the labeled helicase reaction product 
at neutral pH or slightly alkaline pH (i.e., between about 8 
and about 10) (see FIG. 2B). Derivatized surfaces useful in 
the assays of this invention include those of cytochrome-C, 
avidin, streptavidin or glycine. The most preferred deriva- 
tized surface for use in the assays of this invention is an 
avidin-derivatized polystyrene microtiter plate. 

The model helicase substrate for use in the assays and 
methods of this invention comprise two distinct compo- 
nents: (1) an extended single-stranded nucleic acid polymer 
which is hybridized to (2) a labeled helicase reaction prod- 
uct. The extended single-stranded nucleic acid polymer is 
further characterized as being adsorbable to the surface of a 
solid support material while retaining its ability to hybridize 
to the labeled helicase reaction product under suitable assay 
conditions. In general, the extended single-stranded nucleic 
acid polymer according to this invention is adsorbed to the 
solid support at acid pH and remains adsorbed on transition 
to neutral pH. Preferred extended single-stranded nucleic 
acid polymers are circular, single -stranded DNA chains from 
about 1000 to about 10,000 nucleotides in length 
(preferably, between about 3000 and about 10,000 nucle- 
otides and more preferably, between about 5,000 and about 
10,000 nucleotides in length). 

In general, helicases (whatever the native organism) are 
not sequence specific and will unwind double -stranded 
nucleic acid polymers (DNA or RNA, depending on the 
nature of the helicase), regardless of the particular sequence 
presented. Accordingly, the sequence identity of the 
extended single -stranded nucleic acid polymer and likewise, 
the labeled helicase reaction product, may be freely varied, 
so long as the extended single-stranded nucleic acid polymer 
conforms to the above noted requirements and the labeled 
helicase reaction product remains hybridized to the extended 
single-stranded nucleic acid polymer at acidic pH and is 
released into and detectable in solution on helicase activity 
at neutral pH, Preferred model helicase substrates of this 
invention are optionally double-tailed. In double-tailed 
model helicase substrates, the labeled helicase reaction 
product comprises a hybridizing sequence flanked by non- 
hybridizing sequences on both its 5' and 3' end. Since 
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helicases are directional (i.e., some proceed in the 5'-*3' 
direction while others proceed in the 3'-»5' direction), such 
double tailed model helicase substrates may be more uni- 
versally utilized because those model helicase substrates can 
facilitate helicase activity in either the 3' to 5' or the 5' to 3' 5 
direction. This type of substrate allows for a high degree of 
flexibility when performing assays since heUcases that 
require firee 3' or 5' fork-like structures may be interchange- 
ably measured. Additionally, helicases not requiring fork- 
like structures to display activity may also be assayed using lO 
a double-tailed model helicase substrate. Preferably, the 
labeled helicase reaction product for use in the preferred 
double-tailed model helicase substrates of this invention will 
have from about IQ-about 50 nucleotides (and preferably, 
from about 15-about 30 nucleotides) in the hybridizing 15 
region of its sequence and from about 10-about 80 
(preferably, about 15-about 30) non-hybridizing nucleotides 
flanking both its 3' and its 5' end. FIG. lA graphically 
represents such a double-tailed model helicase substrate 
being immobilized to a solid support. 20 

The preferred model helicase substrate for use in the 
assays of this invention comprises M13rapl9 single- 
stranded DNA hybridized with the ^^P-labeled 68-mer 
described in (9) and (10). The ^^P-radiolabeled 68-mer 
comprises 22 hybridizing nucleotides and 23 non- 25 
hybridizing nucleotides flanking the 3' and 5' ends of the 
hybridizing sequence. The use of a radiolabeled oligonucle- 
otide annealed to M13mpl9 single-stranded advantageously 
allows for the quantitation of unwound substrate by liquid 
scintillation, counting an aliquot of the assay solution from 30 
individual wells. Although this preferred helicase substrate 
may be used with any DNA helicase, it is especially well 
suited for measuring helicase activity of a herpes helicase- 
primase and, more preferably, the HSV-1 helicase-primase. 

To assist in detection of the released helicase reaction 35 
product, the released helicase reaction product is preferably 
radiolabeled. Fluorescence and other conventional detection 
methods may also be used, so long as they are sufEciently 
sensitive and accurate to meet the needs of the investigator. 
Appropriate alternate detection methods are well known to 40 
those possessing ordinary skill in the art. 

The assays and methods of this invention envision the use 
of RNA-, DNA- or mixed RNA/DNA model helicase sub- 
strates. For instance, the extended single-stranded nucleic 
acid polymer and labeled helicase reaction product may be 45 
made of either RNA or DNA. Furthermore, the extended 
single-stranded nucleic acid polymer may be made of RNA, 
while the labeled helicase reaction product may be made of 
DNA (or visa versa). Such DNA/DNA, DNA/RNA, RNA/ 
DNA and RNA/RNA combinations will allow for the study 50 
of all types of helicases, including prokaryoiic replicative 
helicases (such as the dnaB protein of E. coli) and various 
eukaryotic helicases. Although the examples described 
herein utilize the HSV-1 helicase-primase and a DNA/DNA 
model helicase substrate, it should be recognized that any 55 
helicase may be used in the assays and methods of this 
invention with a model helicase substrate appropriate for 
that helicase. 

According to this invention, the extended single -stranded 
nucleic acid polymer component of the model helicase 60 
substrate is adsorbed to the surface of the sohd support 
material at an acidic pH and that adsorption is not inter- 
rupted by a transition to neutral pH. Preferably, the labeled 
helicase reaction product is hybridized to the extended 
single-stranded nucleic acid polymer prior to immobiliza- 65 
tion. The labeled hchcasc reaction product component of the 
helicase substrate is released on helicase activity at neutral 
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pH and remains detectable in solution. Advantageously, the 
released helicase reaction product is not adsorbed onto the 
support material nor does it rehybridize to the immobilized 
extended single -stranded nucleic acid polymer under con- 
ditions needed to induce helicase activity and to detect the 
released helicase reaction product. Helicase activity is, 
therefore, easily and rapidly quantitated by removing ali- 
quots of the reaction solution over a period of time and 
detecting the presence of released helicase reaction product 
in the solution. Preferably, the aliquots are removed and 
analyzed in 30 second-lO minute increments over a 2 hour 
period. More preferably, the aliquots are removed and 
analyzed in 5-10 minute increments over a 1 hour period. As 
one possessing ordinary skill in this art will readily 
acknowledge, measurements may be made in longer or 
shorter time increments over a longer or shorter period of 
time, according to the particular objectives of a given 
experiment. 

Without wishing to be bound by theory, the physical 
biochemical processes behind the adsorption of model heli- 
case substrates to solid supports is likely to be at least partly 
hydrophobic in nature, since substrate adsorption is favored 
at moderate ionic strengths and not prevented at high ionic 
strengths. There may also be electrostatic interactions that 
participate in binding the nucleic acid substrates, as acidic 
pH is optimal for the binding of helicase substrates to 
protein -derivatized surfaces. The overall positive charge of 
the derivatized surface of the solid support tends to adsorb 
the overall negatively charged extended single -stranded 
nucleic acid polymers. However, even when the ionic inter- 
action is altered (e.g., on addition of salt to the reaction 
premix), the extended single -stranded nucleic acid polymer 
does not disassociate from the surface, implicating possible 
non-ionic (e.g., hydrophobic) interactions. 

Activity in the solid phase helicase assay of this invention 
depends on the addition of a nucleoside triphosphate, gen- 
erally ATP, to drive the unwinding reaction. In addition, the 
rate of reaction is mediated by the amount of enzyme added 
to the reaction premix and the kinetic rate constant of the 
enzyme. For example, unwinding activity measured in the 
solid phase helicase assay using the HSV-1 helicase-primase 
is generally proportional between about 3 and at least 16 
pmol of added HSV-1 enzyme and linear with time up to 30 
minutes. However, it would be expected that with different 
rate constants, the rate of unwinding activity might be 
significantly different. The appropriate parameters (e.g., 
time intervals, amount of enzyme or test compound used, 
etc.) can be adjusted by those possessing ordinary skill in the 
art to arrive at a suitable assay system for a given purpose. 

As the following examples demonstrate, the assays and 
methods of this invention have been used to identify 
nucleoside-based HSV-1 helicase-primase inhibitors from 
the commonly available nucleosides AMPPCP, AMPPNP, 
ADPPS, ADP, and ATPyS. AMPPCP and AMPPNP were 
found to be ineffective at inhibiting the helicase activity of 
the HSV-1 helicase-primase, ADPpS was a weak helicase 
inhibitor, and ADP and ATPyS effectively inhibited helicase 
activity to near background levels at concentrations of 0.5 
mM and 6.0 mM, respectively. Inhibition of the HSV-1 
helicase-primase by either ADPpS, ADP, or AFPyS was 
found to be concentration -dependent. The potency of these 
nucleoside helicase inhibitors was also analyzed in more 
traditional helicase assays where substrates were separated 
from products by non-denaturing PAGE. Results were simi- 
lar to those found with the solid phase helicase assay, 
providing a good correlation and further validating the assay 
of this invention. These results support the hypothesis that 



05/31/2003, EAST Version: 1.03.0002 



5,958,696 



8 



Ihese nucleosides inhibit helicase action by competition with 
the NTP that drives helicase activity. 

The inhibitory activity of ADP against the HSV-1 
helicase-primase has also been characterized. ADP was a 
more potent and effective inhibitor when GTP, CTP or UTP 
was used to drive the helicase reaction when compared to 
reactions utilizing ATP. Interestingly, the relative effective- 
ness of each of the four nucleoside triphosphates in sup- 
porting helicase activity was identical to their relative abili- 
ties to be hydrolyzed by the HSV-1 helicase-primase in 
DNA-dependent NTPase assays. This observation is again 
consistent with a mechanism of inhibition wherein ADP 
competes with the NTP used to drive the helicase reaction. 

The solid phase helicase assay of this invention advanta- 
geously measures both accurately and quickly the extent to 
which a test substance inhibits helicase activity. For 
example, once the microtiter plates used for the assays were 
avidin-derivatized and helicase substrates adsorbed, the 
experiments depicted in FIGS. 5 and 6 were assembled, run, 
and processed in a period of only 2 hours each. As these 
experiments contain nearly 200 individual helicase 
reactions, the improvement in efiSciency is substantial com- 
pared to alternative methods. Further time efficiency could 
be introduced by using scintillation counters capable of 
analyzing 96 well plate formats. Helicase reaction solutions 
could be removed from the solid phase assay plates and 
directly dispensed to scintillant-containing plates for quan- 
titation. Importantly, this increase in through-put of the solid 
phase helicase assay does not sacrifice accuracy. All of the 
assays reported below were performed in triplicate with 
standard errors less than 5% of the mean values. In fact, in 
many circumstances the standard errors were less than the 
size of the points used in data plotting (see FIGS. 3 and 4). 

Since the methods described for the solid phase helicase 
assay are readily carried out and do not require specialized 
equipment, the assay of this invention should be very useful 
in the preliminary characterization of new helicases. The 
experimental methods exemplified and described herein, 
with or without modifications to adapt to individual helicase 
systems, will be useful in the identification of inhibitor 
molecules that may prevent the function of key RNA or 
DNA helicase(s). The identification of inhibitors specific for 
these enzymes that are critical for the growth and replication 
of human pathogens will assist in the generation of new 
disease-specific therapies. 

In order that this invention be more fully understood, the 
following examples arc set forth. These examples are for the 
purpose of illustrating preferred embodiments of this 
invention, and are not to be construed as limiting the scope 
of this invention in any way. 

EXAMPLES 

Material and Methods 

Reagents. Sodium citrate buffers were prepared as 1.0 M 
stock solutions with citric acid and the pH was adjusted to 
the indicated value with concentrated NaOH, NHj-activated 
96 well plates were obtained from Costar. BS^ and Surf act- 
Amps 20 were obtained from Pierce, Avidin and streptavidin 
were from Boehringer Mannheim. PBS was from JRIL 
Glycine was from Bio-Rad and prepared as a 1.0 M stock 
solution adjusted to pH 7.4 with NaOH prior to use. Acety- 
lated BSA was obtained firom GIBCO-BRLLife Sciences as 
50 mg/mL stock solutions. Hepes was from Amersham, DTT 
was from Calbiochem-Novabiochem Corporation. ATP, 
GTP, and ADP were obtained in dry form and solutions of 
CTP and UTP (100 mM, pH 7) from Pharmacia Biotech. 
AMPPNP, AMPPCP, ATPyS, and ADPpS were from Boe- 
hringer Mannheim. Stock solutions of nucleoside phos- 



phates were prepared at 100 mM final concentration and pH 
adjusted to 7.5 with concentrated NH4OH. When nucleoside 
phosphates were used as potential helicase inhibitors, solu- 
tions were complexed with 1 mol of MgClj P^r mol nucleo- 
5 side phosphate to avoid altering the free Mg^"*^ levels in 
individual helicase reactions. ReadySafe liquid scintillation 
fluid and yP^PjAJT were from DuPont NEN Research 
Products. 

Buffers. Buffer A was 20 mM NaCitrate, pH 4.0; 200 mM 

10 NaCl; and 1.0 mM EDTA. Buffer B was 20 mM Hepes, pH 
7.5; 200 mM NaCl; 1.0 mM EDTA; 0.04% (v/v) Surfact- 
Amps 20. Buffer C was 40 mM Hepes, pH 7.5; 10% (v/v) 
glycerol; 5.5 mM MgCl^; 4.0 mM ATP, 100/ig/mLBSA; 1.0 
mM DTT. Buffer D was 20 mM Hepes, pH 7.5; 10% (v/v) 

15 glycerol; 200 mM NaCl; 0.1 mM EDTA; 0.1 mM EGTA; 
and 1.0 mM DTT. 

Nucleic acid substrates. M13mpl9 single-stranded DNA 
and the 68-mer oligonucleotide used to assemble the heli- 
case substrates were prepared as follows: Double-tailed 

20 helicase substrates were assembled from ^^P labeled 68-mer 
oligonucleotides and M13mpl9 single-stranded DNA 
exactly as described (9, 10). Following gel filtration the 
substrates were concentrated by diafiltration to a concentra- 
tion of 1 to 3 mM in total nucleotide (0.15 to 0.5 //M in 

25 circular M13 molecules) (10). The specific activity of the 
helicase substrate was approximately 1.2x10^"* cpm/mol 
nucleotide or 7.5x10^^ cpm/mol M13mpl9 molecules (e.g. 
120 cpm/pmol nucleotide and 750 cpm/fmol M13 
molecules, respectively). The specific activity of the single- 

30 stranded 68-mer used for oligonucleotide binding studies 
was 3.3x10^^ cpm/mol 68-mer (e.g. 330 cpm/fmol). 

CeUs, viruses, proteins. The HSV-1 helicase-primase used 
in these studies was the three subunit holoenzyme comprised 
of the UL5, UL8 and UL52 proteins expressed in SF21 cells 

35 with previously described recombinant baculoviruses (10, 
11). The recombinant enzyme was isolated and stored as 
described, stock solutions were at a concentration of 1,0 
mg/mL (3.4 ^M) (10). Avidin and streptavidin were prepared 
as 1.0 mg/mL solutions in PBS and dialyzed against excess 

40 PBS prior to use. 

Example 1 

Preparation of plates/adsorption of helicase substrates. 
Activation of the amine-derivatized 96 well plates was with 

45 BS^ under conditions described by Costar. After activation 
for 30 min with BS^ (1 mg/mL in PBS, 250 /iL/weU), plates 
were washed three times with excess PBS and derivatized 
with 150 /iL/well of either avidin (10 jUg/mL in PBS), 
streptavidin (10 //g/mL in PBS), glycine (100 mM), or PBS 

50 alone. After a period of 1.0 hour at 37° C, of 1.0 M glycine 
was added to each well and incubation continued for an 
additional 30 minutes at room temperature, 'llie activated, 
derivatized plates were then washed two times with PBS and 
two times with Buffer A. Helicase substrates were diluted 

55 with Buffer A to a final concentration of 12^M in nucleotide 
(1.9 nM in circular molecules) for subsequent use, the 
68-mer oligonucleotide was diluted to a concentration of 4.2 
nM (in molecules) prior to use. In all cases, 100 fiL of the 
individual nucleic acid solutions were used for adsorption to 

60 the solid supports for a period of 3 to 4 hours at room 
temperature with shaking in a 100% relative humidity 
environment. After allowing for nucleic acid adsorption, the 
plates were washed 3 times with Buffer B. When plates were 
analyzed for the ability to adsorb nucleic acid molecules, 

65 samples were eluted overnight by the application of 200 juL 
of a solution of 0.2 M NaOH containing 1.0% (w/v) SDS. 
Quantitation of the adsorbed samples was by scintillation 
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counting after mixing with 800 /iL of liquid scintillation 
fluid. ThLs process eluted ^95% of the bound DNA (data not 
shown). When helicase assays were performed, avidin- 
derivatized helicase substrate-adsorbed plates were used 
immediately after washing with Buffer B and removal of 5 
residual liquid. 

Example 2 

Assembly of helicase assays. Solid phase helicase assays 
were assembled on ice with avidin-derivatized 96 well plates 
to which M13mpl9/^^P-labclcd 68-mer hybrid substrates 
had been adsorbed in Buffer A and then washed with Buffer 
B (see above). Reaction pre mixes were prepared on ice in 
Buffer C. The indicated amount of the HSV-1 helicase- 
primase per reaction performed was added to each premix as 
a 1/10'* volume aliquot in Buffer D. Each enzyme- 
containing reaction mixture was then dispensed in triplicate 
to individual substrate-containing microtiter plate wells (100 
//L/well). Helicase reactions were initiated by transfer of the 
assembled plate(s) onto the surface of a constant tempera- 
ture water bath maintained at 36 degrees centigrade. After 
the indicated times either 70 f^L samples were removed or 
the entire helicase assay plate was returned to ice. When 
helicase reactions were stopped by transfer to ice 
temperature, samples (70 uL) were again removed. Indi- 
vidual samples were quantitated by liquid scintillation 
counting after the addition of 800 //L of ReadySafe liquid. 
The means and standard errors of individual triplicate heli- 
case assays were determined. 

30 

Example 3 

Adsorption of helicase substrates and oligonucleotide 
reaction products is pH -dependent. The model DNA heli- 
case substrate analyzed contained a radiolabeled oligonucle- 35 
otide with 3' and 5' non-hybridizing sequences when 
annealed to M13mpl9 single -stranded DNA (9). I examined 
the ability of polystyrene microtiter plates derivatized with 
various molecules to support the adsorption of assembled 
helicase substrates comprised of a ^^P-labeled 68-mer 40 
hybridized to M13mpl9 single -stranded DNA or the labeled 
68-mer oligonucleotide product of the helicase reaction by 
the manipulation of pH. Acidic pH favored the stabile 
interaction of nucleic acids with the plate surfaces (FIG. 
2A). Maximal adsorption of the helicase substrate was 45 
observed between pH 3.25 and pH 4.0. Nearly two-fold 
more substrate was bound by avidin-derivatized surfaces 
under optimal conditions than surfaces that were streptavi- 
din or glycine derivatized. Under all of the conditions 
described, once substrates were bound to the surfaces, 50 
interactions were not disrupted by transfer to neutral pH. 

Surfaces that were cytochrome C-derivatized behaved 
similarly to streptavidin or glycine-derivatized surfaces; 
HSV-1 SSB-coated surfaces were found to adsorb little of 
the input DNA at all pH values examined (data not shown). 55 
The adsorptive properties of the avidin-derivatized surfaces 
were found not as strictly dependent on the pH used for 
immobilization of the helicase substrates when compared to 
the other surfaces examined. Optimal substrate binding was 
still in the acidic pH range indicated above (FIG. 2A). llie 60 
maximum amount of substrate was bound in the presence of 
200 mM NaCl under the adsorption conditions examined. 
The amount of substrate bound at optimum NaCl concen- 
trations was approximately twice the amount bound in 
Buffer A without NaCl and 1.5 times the amount bound in 65 
Buffer A with the NaCl concentration increased to 1.0 M 
(data not shown). 



The helicase reaction product, the radiolabeled 68-mer 
oligonucleotide, was also found to stably interact with 
derivatized surfaces at acidic pH (FIG. 2B). The optimum 
pH range for binding of the radiolabeled 68-mer was more 
acidic when compared to the M13mpl9/68-mer hybrid. 
Under optimal conditions, avidin-derivatized surfaces 
bound less of the 68-mer when compared to the other 
surfaces examined. Moreover, there was little detectable 
binding of helicase reaction products at neutral pH values; 
typical conditions ased in helicase reactions. This implied 
that under conditions used in duplex nucleic acid unwinding 
assays, the released radiolabeled product of the helicase 
reaction, the 68-mer, would remain in solution for detection. 

Example 4 

Immobilized duplex DNA molecules are substrates for the 
HSV-1 helicase-primase. To characterize the ability of the 
HSV-1 helicase-primase to unwind adsorbed helicase sub- 
strate increasing amounts of the HSV-1 helicase-primase 
were added to M13mpl9/^^P-labeled 68-mer coated wells 
(FIG. 3). A linear dependence between the addition of the 
HSV-1 helicase-primase and the amount of product released 
from adsorbed surfaces was found. Moreover, the catalytic 
release of helicase reaction products displayed an absolute 
dependence on the addition of ATP. The time dependence of 
the helicase reaction was also examined using optimal 
enzyme concentrations (FIG. 4). Release of the 68-mer 
helicase reaction product was linear to about 30 min. After 
30 min, there was a notable decrease in the rate of product 
release in the helicase reactions. Tliis may be due to time- 
dependent denaturation of the helicase enzyme. 
Alternatively, the products of the helicase reaction may be 
partially depleted or may act as competitive inhibitors to 
prevent further progress of the unwinding reaction (9). 

Example 5 

Analysis of potential nucleoside-based inhibitors of the 
HSV-1 helicase-primase holoenzyme. To display the utility 
of the solid phase helicase assay, I analyzed several com- 
monly available nucleotides for inhibitory activity against 
the HSV-1 helicase-primase holoenzyme. AMPPCP, 
AMPPNP, ADPPS, ADP, or ATPyS were titrated in the 
assays designed to detect inhibitor activity (FIG. 5). AMP- 
PCP and AMPPNP were not effective inhibitors of the 
helicase activity of the HSV-1 helicase-primase. ADPpS 
inhibited activity by approximately 50% at the highest 
concentration analyzed (6.0 mM). ADP and ATPyS were the 
most effective enzyme inhibitors. I found concentrations of 
1.5 to 2.0 mM ADP and less than 0.5 mM ATPyS capable of 
inhibiting the hehcase activity of the HSV-1 helicase- 
primase by at least 50%. 

^rhe ability of ADP to inhibit the helicase of the HSV-1 
helicase-primase was analyzed further by examining heli- 
case reactions driven by nucleoside triphosphates other than 
ATP (FIG. 6). GTP was nearly as effective at promoting 
helicase-mediated unwinding as ATP CTP and UTP were 
less effective at promoting the helicase reaction; CTP was 
approximately half as effective as ATP and UTP slightly less 
effective than CTP. When nucleoside triphosphates other 
than ATP were used to drive helicase reactions, sensitivity to 
ADP inhibition was enhanced. GTP, CTP and UTP-driven 
helicase reactions were all inhibited to a greater extent by 
ADP when compared to the ATP-driven reaction. 
Essentially, the better the nucleoside triphosphates sup- 
ported helicase activity, the less sensitive the activity was to 
ADP inhibition. This supports the observation that the 
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mechanism by which nucleoside inhibitors of helicase activ- 
ity mediate inhibition is competitive with respect to nucleo- 
side triphosphate binding. 
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While I have described a number of embodiments of this 

invention, it is apparent that my basic constructions may be 
altered to provide other embodiments that utilize the prod- 
ucts and processes of this invention. Therefore, it will be 
appreciated that the scope of this invention is to be defined 
by the appended claims, rather than by the specific embodi- 
ments which have been presented by way of example. 
I claim: 

1. A method for measuring the helicase inhibiting ability 
of a test substance comprising the steps of: 
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(a) immobilizing on a solid support under acid pH con- 
ditions a helicase substrate comprising a single 
stranded nucleic acid polymer hybridized to a labeled 
helicase reaction product, wherein the labeled helicase 
reaction product is detectable in solution by helicase 
activity; 

(b) contacting the immobilized helicase substrate with a 
test substance to produce a reaction premix; 

(c) contacting under neutral or slightly alkaline pH con- 
ditions the reaction premix of step (b) with a helicase 
capable of releasing labeled helicase reaction product 
into solution by helicase activity; and 

(d) measuring the amount of labeled helicase reaction 
product released into solution as a function of time. 

2. The method according to claim 1, wherein the labeled 
helicase reaction product comprises a hybridizing nucleic 
acid sequence optionally flanked by non-hybridizing 
sequences on its 5' and 3' end. 

3. The solid phase hehcase assay according to claim 2, 
wherein the hybridizing nucleic acid sequence comprises 
from 10-50 nucleotides and each of the non-hybridizing 
sequences comprises from 10-80 nucleotides. 

4. The method according to claim 1, wherein the soUd 
support is a proteio-derivatized polystyrene microtiter well 
plate. 

5. ^rhe method according to claim 4, wherein the protein 
is avidin. 

6. The method according to claim 1, wherein the labeled 
helicase reaction product is radiolabeled. 

7. The method according to claim 1, wherein the helicase 
is a herpes virus helicase-primase. 

8. The method according to claim 7, wherein the herpes 
virus helicase-primase is the HSV-1 helicase-primase. 

9. ITie method according to claim 8, wherein the model 
helicase substrate is M13mp 19 single-stranded DNA hybrid- 
ized with a ^^P-labeled helicase reaction product. 

10. The solid phase helicase assay according to claim 1, 
wherein in step (a) the helicase substrate is immobilized on 
a solid support under acid pH of about 3.25 to 4.0. 
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Detailed Description Text - DETX (28) : 

The assays and methods of this invention envision the 
use of RNA - , DNA - or 

mixed RNA /DNA model helicase substrates. For instance, 
the extended 

single-stranded nucleic acid polymer and labeled helicase 
reaction product may 

be made of either RNA or DNA . Furthermore, the extended 
single- stranded 

nucleic acid polymer may be made of RNA, while the labeled 
helicase reaction 

product may be made of DNA (or visa versa) . Such DNA/DNA, 
DNA /RNA, RNA / DNA and 

RNA/RNA combinations will allow for the study of all types 
of helicases, 

including prokaryotic replicative helicases (such as the 
dnaB protein of E. 

coli) and various eukaryotic helicases. Although the 
examples described herein 

utilize the HSV-1 helicase-primase and a DNA/DNA model 
helicase substrate, it 

should be recognized that any helicase may be used in the 
assays and methods of 

this invention with a model helicase substrate appropriate 
for that helicase. 
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[57] ABSTRACT 

A microtiter well in which a single stranded nucleic acid 
including a plurality of sequences specifically hybridizalbe 
witii a target nudeic add is immobilized is disclosed. The 
single stranded nuddc add is derived £rom a phage or a 
phage-plasmid. The microtiter well enables a target nucleic 
add to be specifically detected with a high sensitivity and 
high effidency and fiirtha: enables the detection procedure 
to be automated. 
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CAGCTGAATTCGGATCCGTCGACGGATCCGAATTCAGCTG 
GTCGACTTAAGCCTAGGCAGCTGCCTAGGCTTAAGTCGAG 
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CACCTGACTCCTG 



GGAGAAGTCTGCCGTT 



GTGGACTGAGGACmCCTCTTCAGACGGCAA 



3* 



5' 

CACCTGACTCCTG 

GTGGACTGAGGAC 
3' 



GGAGAAGTCTGCCGTT 
aI CCTCTTCAG ACGGCAA 



F I G . 3 



05/31/2003, EAST version: 1.03.0002 



U.S. Patent 

5- 



Apr. 21, 1998 Sheet 4 of 6 

AGGTATGAGCAATTAAATGACAGCTCA 

TACTCGTTAATTTACTGTCGAGTTCCAp5. 

SELF - LIGATION 



5,741,638 



BLUNT END FORMATION 



Sfiy . Sfil 
(pUC-Sfix2) ■ 



1) LIGATION 

2) TRANSFORMATION OF JM 109 




Sfil DIGESTION 



LIGATION 




1) LIGATION 

2) TRANSFORMATION OF JM 109 




F I G . 4 



05/31/2003, EAST Version: 1.03.0002 



U.S. Patent 



Apr. 21, 1998 



Sheet 5 of 6 



5,741 




NUMBER OF THE UNIT SEQUENCE 

F I G . 5 



05/31/2003, EAST Version: 1.03.0002 



U.S. Patent 



Apr. 21, 1998 



Sheet 6 of 6 



5,741,638 



DRBl *0101 
DRBl *1201 
DRBl * 09 0 1 
DRB5*0101 



DRBl* 0101 
DRBl * 1201 
DRBl * 090 1 
DRB5*0101 



1 10 20 30 

GGGGACACCCGACCACGTTTCTTGTGGCAG 

A GA-T-C 

******************************** 

., CA 

CAGCAG 

40 50 60 
CTTAAGTTTGAATGTCATTTCTTCAATGGG 
TC--C-GG G T 

********************* Q 

GA A G C 

GATAAGTA 
Probe A 



DRBl * 0 1 0 1 
DRBl *.120 1 
DRBl * 09 0 1 
DRB5 * 0 10 1 



70 80 90 

ACGGAGCGGGTGCGGTTGCTGGAAAGATGC 

A G CA- 

_ AT C-C G-- 

C C-C GA- 

•GGTTACTGGAGAG 
Probe B 
GTATCTGCACAGAGG 
Probe C 



-: same as that of the uppermost sequence 
• : unknown 

F I G. 6 
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MICROTITER WELL FOR DETECTING izadon" and characterized by chemically syn&esized oligo- 

NUCLEICACID nucleotides complementary to a base sequence to be 

detected and adding polythymidylic add to the oligonude- 

This application is a continuation of now abandoned otides by an enzymatic reaction to fadHtate the immobiU- 

appUcation Set. No. 08/004,572, filed Jan. 14, 1993 5 zation of the oligonudeotide on a nylon membrane. This 

abandoned, which is a continuation-in-part appUcation of process has the advantage of the oligonudeotide being 

Ser. No. 07/722,673 filed Jun. 28, 1991 abandoned. effidently immobilized on a nylon membrane, but is disad- 
vantageous in that the process in which use is made of a 

BACKGROUND OF THE INVENTION nylon membrane, as such, is unsuitable for automation of the 

1 Fidd of the Invention detection procedure and the preparation of the iimnobilizcd 

•me present invention relates to a mictotiter weU for P^*** are unsuitable for mass production, 

detecting a nucleic add in a biological san^le. More Although the above processes have advantages in some 

particularly, this invention relates to a miaotiter weU which results, they have respective drawbacks and no process 

cables a target nucleic acid to be rapidly detected and the capable of realizing a satisfactory sinq)licity, rapidity and 

detection procedure to be automated. " sensitivity has been developed in the art 

2. Description of the Related Ait SUMMARY OF THE INVHmON 

Hytaidizalion processes for detecting a specific sequence .j.^^ present inventor has now found that a single stranded 

of a nucleic add include a sohd-liquid hybridization process nudeic add derived bom a phage or a composite vector 

wherein nucleic acids adsorbed on a soHd support are conqirising a phage and a plasmid can be immoWUzed 

hybridized with nucleic acids contained in a sohition; and a through a nonspecific adsorption in a microtitCT well, and 

Uqnid-Uquid hybiidizatiDn process wherein target nucleic ^^^^ microliter well in whidi the single stranded nudeic 

adds and nudeic add probes contained in a solution are ^ immobilized can be used for detecting a target 

hybridized With eadi other (Anal. Biodiem., 169, 1-25 nuddc add m a biological sample with a high sensitivity. 

(1988) ). Up to now, these processes have been improved in ^ ^.^ordingly, an object of the present invention is to 
vanous ways fc^ the puip^ of more easdy more ^^^^ ^^^^ ^ ^ 

and more sensmvdy dctcding a target nucleic aad (AnaL P;^^^^ ^ ^ ^ ^^^^ J'^^ 

Biodiem.. 169. 1-25 (1988)). ^^^^ 

Among them, there is a ^oposal on a process wherdn a ^^^^^^ ^ ^ 

microttfer wdl used in the fidd of umnunoas ay i utihzed 30 ^^^^^ ^^^les a detection procetoe to be 

for automating the procedure of detecting a target nudeic . ♦ j 

add (Japanese Patent Laid-open Publication No. 21940(» automatea. . , . ^ 
86). In this process, afla double stranded DNAin a sample Accordmg to a first aspwt of the mvenbon, there is 
is converted to a single stranded form, the single stranded Provided a microtiter weU for detectmg the presence or 
nucleic adds are immobilized through a nonspedficadsoiiv 35 *»"^'"=f ^ '^8? acid oompnang a weU m which 
tiononamicrotiterwdlmidersudiaconditionthatcomple- « ^^S^ ^^^^ \ P"*?^, °* 
mentaiy strands are present Due to the inherent character- sequences specifically hybndizable wift the target nudeic 
istic of DNA, some of the single stranded nuddc adds acid is immobilized, the single stranded nudeic aad being 
return to a double stranded fonn during the immobilization doited from a phage or a phage-plasmid. 
process and the subsequent hybridization process, so that in 40 The nnaotiter weU according to the present invention 
an actual hybridization the amount of the Iqrbridizable DNA enables a target nuddc add to be spedficaUy detected with 
appears to be substantially smaller than that of immobilized a high sensitivity and high effidency and further enables the 
DNA. Furthermore, in this process, the amount of DNA detection {x^ocedure to be improved in simpUdty and rapid- 
immobilized is relatively snaall. This renders the process ity and to be automated. 

unsatisfactory fi^om the practical viewpoint 43 BRIEF DESCRIPnON OF THE DRAWINGS 

famobUization of polythymidyUc adds on a ndcr^to " jhe aforesaid and oth« objects and features of the present 

rli-^ P'°P°^l!' * prote for sandwich ^ ^ 

?989^S^!ls?i: advanSS^ ^'^1 <^««=^Pf- ^ - -«>-P-^« 

amount Of DNAimmobilized is much larger than that in the 50 u • *u * 

case of a mixed base sequence of DNA by virtue of . I^G. 1 is a (hagram showing the construction of an 

immobilization of a polymer of thymidylic add having a miproved vector for prep^^ 

higher reactivity than that of other nucleic add bases in a preparation of the single stranded DNA; 

photoreaction. The appUcation of immobilized poly- HG. 2 is a graph showing the results of a companson of 

tiiymidyUc adds, however, is limited to a sandwich 55 hybridization effidency on a single stranded DNA 

hybridization, so tiiat tiie process suffers from the disadvan- immobiHzed on a microtiter well wiUi that on a double 

tages of a compUcated procedure and a lowered sensitivity stranded DNA immobilized on a microtiter wdl; 

inherent in the sandwich hybridization. FIG. 3 is a diagram showing nudeic add sequences 
A niiddc add an^lification process caUed the PCR inserted into a vector for the preparation of an immobilized 

(Polymerase Chain Reaction)wasdevelopedinrecentyears. 60 single stranded DNAin the detection of point mutation of 

It is the epoch-making process which can amplify a minute P-thalassemia gene; 

amount of a certain gene by one hundred thousand times or FIG. 4 is a diagram showing the preparation of a plasmid 

mareinashorttime(U.S. Pat No, 4,683,195). A proposal vector containing repetition of a oUgonucleotide unit 
has been made on a process for detecting a mutation of complementary to a human papilloma virus 16 gene; 

human gene through the utilization of nucldc adds ampli- 65 FIG. 5 is a graph showing the relationship between the 

fied by PCR (Proc. NatL Acad. Sd., U.S.A.. 86, 6230-6234 number of oligonudeotide units of an immobilized probe 

(1989) ). The proposed process is called "reverse dot hybrid- and die sensitivity; and 
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FIG. 6 is a diagram showing sequences of respective types 
of HLA-DB genes and a sequence of a probe used in 
Example 11. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The term 'target nucleic add to be detected" used herein 
is intended to mean a nudeic acid containing a specific base 
sequence to be detected and may be any of DNA and RNA. 
The nucleic adds to which the present invention is appli- 
cable can be prepared from every form of life including 
bacteria, viruses and higher plants and animals. The nucleic 
acids may be in a punfied form or in an unpurified fona 

In a nuddc add detection process using a microtiter well 
of the present invention, not only a nucleic acid obtained 
fi-om the above-described life but also a synthesized nudeic 
acid corresponding to a nuddc add derived from (he 
specimen or a synthesized nucleic acid con^lementary to 
the nucldc add may be used as the target nudeic add to be 
detected. Therefore, in the present invention, the **target 
nudeic acid"* indudes a nucleic add in a biological sample 
to be detected, a synthesized nuddc acid corresponding to 
the nudeic add in the biological sample and a synthesized 
nucleic acid con^lementary to the nucleic add in the 
biological sample. 

According to the present invention, single stranded 
nucleic adds specifically hybridizable with a target nudeic 
acid is immobilized on a microtiter well, preferably a 
polystyrene miaotiter well. In the microtiter well, the 
immobilized single stranded nucleic add are under such a 
condition that the strands complementary to the single 
stranded nucleic adds are absent 

In the present invention, a single stranded nuddc acid 
derived from a phage or a composite vector comprising a 
phage and a plasmid which contain a gene to be detected is 
used. I^eferred examples of the phage and the con^site 
vector indude M13 phage, pUCUS, pBSM13{±), pUCfl 
(Methods in Enzymology, 153, 3-34, (1978)), pGEM-325 
(±). pGEM-525(±), pGEM-725(±), pGEM.925(±), pGEM- 
1125(±), pGEM-1352(±), pGEMEX-1, pGEMEX-2, 
pSELECrr-1 (avaUable from PROMEGA), pT3/T7-3, 
pYEUra3 (avaUable from CLONTECH), pKMN(±) 
(available from TOYOBO CO., LTD.), M13mpl8/19, 
M13tul8/19, pUCnS, pUC119, pTUllS, pTU119, 
pTWU228, pTWU229 (available from TAKARA SHUZO 
CO., LTD.), pSLUSO, pSH190, pTZlSR, pTZ19R, 
pT7T3ul8U, pT7T3ul9U (available from PHARMACIA), 
pBluescript n SK(±), pBluesoipt H KS(±), pBc SK(±), pSc 
KS(±), pSluesoipt SK(±), pBluescript KS(±) and pBS (±) 
(available from STRATAGENE). Although the single 
stranded nuddc add which is derived from the phage or the 
composite vector is immobilized in a circular form as it is, 
the single stranded nuddc add can be digested to provide 
a linear form, preferably 1 k bs to 8 k bs fragment, and then 
immobilized. 

According to another aspect of the present invention, the 
single stranded nucleic acid to be inmiobllized preferably 
contains a plurality of sequences hybridizable with a target 
nucleic add' The presence of many sequences hybridizable 
with a target nudeic add in a single stranded nudeic add to 
be immobilized can shorten the time necessary for the 
hybridization, so that a gene can be rapidly detected. 

The single stranded nucldc add containing a plurality of 
sequences hybridizable with a target nuddc add indude 
can be prepared by introducing a plurality of sequences 
hybridizable with a target nucleic add into the above- 
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. described phage DNA or a composite vector comprising a 
phage and a plasmid and producing a single stranded nudeic 
acid therefrom. In particular, it is preferred to use a single 
stranded nuddc acid prepared from a vector containing 5 to 
5 200 copies of a sequence hybridizable with a target nucleic 
acid. 

When a point mutation or the like in a nucleic acid 
sequence in a sample should be detected by hybridization, it 
is preferred that a sequence hybridizable with a target 
10 nuddc add is relatively short. 

The use of single stranded nucldc adds containing a 
plurality of sequences hybridizable with a target nucldc acid 
is advantageous in that the sequence hybridizable with the 
target nudeic acid can be immobilized in a relatively large 
amount. 

It is known that an oligonudeotide inmiobilized on a solid 
support has a poOT hybridization effidency because the 
oligonudeotide immobilized on the solid support has a 

^ portion whidi participates in the immobilization on the 
support and cannot involve in hybridization. The hybridiza- 
tion efSdency of the immobilized oligonudeotides is, in 
general, lower than that attained in the solution. When use 
is made of single stranded nuddc adds prepared from the 

^ above-described vector containing a plurd number of a unit 
sequence hybridizable with a target nuddc add, a number 
of the unit sequences which do not involve in the immobi- 
lization on a solid support appear to be present. Thus, the 
lowering in the hybridization eflBdency derived from the 
immobilization is advantageously small. 

When labelling of a target nudeic add is conducted by 
use of an elongation reaction or an amplification reaction 
and the labelled product to be detected, the single stranded 
nudeic add to be immobilized is preferably less homolo- 

35 gous to primers utilized for the dongation reaction or the 
amplification reaction. For example, in the PGR process, in 
many cases, the primer used in the gene amplification 
remains in the solution after the amplification reaction. In 
this case, it is necessary to sde<^ the sequence of the single 

^ stranded nuddc acid in such a manner that the primers do 
not hybridize with the single stranded nucldc acid. This is 
true of the other gene an:q>lification methods. 

It was surprising, that the sin^e stranded nucleic acids 
derived from the i^ges or the composite vectors compris- 

45 ing a i^ge and a plasmid which contain a gene to be 
detected can be directly immobilized on a microtiter well 
through a nonspecific absorption efGcientiy. In particular, the 
single stranded nudeic adds having 1 k bs to 8 k bs size can 
be directly immobilized on a microtiter well in a large 

50 amount. Thus, it is preferred to use the single stranded 
nuddc adds having 1 k bs to 8 k bs size. In addition, a 
microtiter well on which the single stranded nucldc adds 
having 1 k bs to 8 k bs size are immobilized ensures a 
detection of a target nucleic add in a high sensitivity. The 

55 adsorption of the single stranded nucleic add on the micro- 
titer well can be jareferably enhanced by irradiation of 
ultraviolet light cr by adding MgQj (Japanese Patent Laid- 
Open PubUcation No. 219400/1986). 
In the nudeic acid detection process using a miorptiter 

60 well according to the present invention, a target nuddc add 
to be detected may be labelled. Exan^les of the labelling 
method Include (1) a method wherein a label is directiy 
introduced into a target nudeic add, (2) a method wherein 
a nucleic add corresponding to a target nucldc acid or a 

65 nuddc add complementary to the target nuddc add is 
synthesized with a labelled oligonudeotide primer and (3) a 
method wherein a nuddc add ccsresponding to a target 
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nucleic add or a nucleic add complementary to the target conventional process. Because of sin:4)lidty, it is preferred 

nucleic add is synthesized with an oligonucleotide primer in to conduct the washing procedure under sudi a condition 

the presence of a labelled nucleotide unit that excess reagents etc. can be removed at room tempera- 

A method wherein a biotin derivative is introduced into a ture. 

target nudeic add by a photoreaction and a detection is 5 In the detection of a point mutation, the washing condi- 

conducted through an enzyme conjugated streptavidin ^^^^ sj^^j^iji carefully detennined. It is also useful to 

(Nuddc Adds Rcs.v 13. 745 (1985)); and a metiiod wh^ein ^ condition wherein the stabiHty of the diq>lcx 

a target nucleic aad is sulfonated and detected tiirou^ an complementary strand 

enzyme conjugated ^^^^ but does not upon the base compositionTf the complemen- 

ScL, U.SA., 81, 3466-3470 (1984)) are prefencd as the ^ fNucleic Acids Res 16 4637-^650 (19m^ 

above method (1) wherein alabd is directiy introduced into ^ ^^^"^^ ^^''^ 40J7-4650 (1V88}). 

a target nudeic add from the viewpoints of simpUdty and Simultaneously with or after the hybridization procedure 

rapidity of the procedure. described above, a target nucleic add is detected through a 

An amplification of a specific nucldc add sequence ^^^^1 present in the target nucleic add. 

(BIOATECHNOLOGY^ 8. 291 (1990)) may be utilized for The detection procedure may be properly sdected and 

the above methods (2) and (3). The methods have drawn ^ determined according to the kind of the label present in the 

attention particularly in respect of the amplification of a target nuddc add 

target nucleic add and further are of a hig^ value in When the labd is directly detectable, that is, when the 

relatively simple labelling of a synthesized nuddc add labd is, for exair^le, a radioisotope, a fluorescent substance 

coiresponding to a target nuddc add or a synthesized ^ ^y^* detection procedure may be conducted in such 

nudeic acid complementaiy to the taiget nudeic add Fes' a state that a labelled nudeic add is bonded to a solid phase, 

exan^)le, in the PGR process (Science, 230, 1350-1354 or alternatively the detection procedure may be conducted 

(1985)), a labelled elongation product or amplification |ffod- by liberating the labd into a solution in such a state that it 

uct can be prqjared with a labelled primer or labelled is bonded to the nuddc add or rdeased from the nucleic 

mononucleotides. In tiie amplification method wherein Qp acid and then conducting the detection according to the 

repUcase is utilized (BIO/TECHNOLOGY, 6, 1197 (1988)). label On tiic other hand, when the labd is indirectiy 

a labelled dongation product or amplification product can be detectable, that is, when the labd is a ligand capable of 

prq)ared with similarly labelled mononudeotides. Also in causing a specific binding reaction, such as biotin or hapten, 

the nudeic add amplificatioa method other than described the detection procedure can be conducted by a method 

above, an elongation i^oduct or an anq)lification product can ^ commonly used in the detecticm of this type, that is. by use 

be labelled with labelled mononucleotides or labelled oli- of an acceptor (for example, avidin or antibody) to which a 

gonudeotides incoiporated by an dongation reaction or an label capable of directly generating a signal or an enzyme 

amplification reaction. The method (2) is preferred in the catalyzing a signal generating reaction has been bound. The 

IH-esent invention. acceptor may be previously added in the hybridization 

The labd used herein may be radioactive or non- procedure. In this case, the binding process of the ligand to 

radioactive as far as this substance can be detected after the the acceptor can be conducted simultaneously with the 

hybridization procedure. A non-radioactive label is preferred hybridization step with the result that the whole process can 

from the viewpoint of handleability, stca-age stability and be simplified. 

disposal and because it can exhibit most effidentiy the effect B is advantageous that the miaotiter wells according to 

of the present invention. ^ the present invention enable a detection of a plural of 

Examples of the non-radioactive label indude haptens, biological sanq)les simultaneously. It is also advantageous 

sudi as biotin, 2,4-dinitrophenyl group and digoxigenin, that the microtiter wdl according to the present invention 

fluorescent substances such as fluorescein, rhodamine, enable the detection procedure to be automated, 

tetramethylzfaodamine, sulfo rhodamine, 7-nitroben2-2-oxa- EXAMPLES 

1,3-diazole (NBD) and dansyl group or chemiluminescent 4^ 

substances such as acridine. An oligonudeotide can be ^h^ present invention will now be described in more 

labdled with the substance by any of known means ^ay of tiie following examples, though it is not 

(Japanese Patent Laid-Open PubUcations No. 204200/84 to tiiese exan^les only. 

and Japanese Patent Nos. 1651975 and 1706289). When The procedure of the genetic engineering tedmiques in 

labelled nucleotides are used, the labelling can be conducted 5Q following examples was conducted according to 

by known means (Proc. Natl Acad Sd.. U.S A., 80. 4045 Molecular Cloning, tiie 2nd edition (T. Maniatis et al., Cold 

(1983) and Japanese Patent Laid-Open Publication No. Spring Harbor Laboratory Press (1989)). Oligonudeotide 

1523 W/88). Altcxnativdy, a commercially available product was prepared by use of a model 3 81 A automatic syntiiesizer 

may be utilized manufactured by Applied Biosystems, Inc. and subjected to 

The target nuddc acid labelled as described above is 55 deprotection reaction and purification before use by the 

hybridized widi the single stranded nucldc acid immobi- conventional procedure (Oligonucleotide Synthesis, IRL 

lized in a microtiter well. Pf^s (1984)). The biotin-labelted oligonucleotide was pre- 

The hybridization conditions may be properly sdected P^<^ AminoUnk n (trademark) (manufactured by 

and determined according to a coinbination of the target ^ppUed Biosystems. Inc ) to oUgonudcotide in the final 

nudeic add witti the immobiUzed single stranded nucleic 60 synthesis of the oligonudeotide to introduce an 

add For example, tiie hybridization can be basically con- ^^^^ ^<>^P, ^^^^ otigonudcotidc, and reacting the 

ducted in die same mamier as that wherdn the conventional oligonucleotide with kotin sucdnimide ester according to 

membranes may be used (B. D. Hamcs and S. J. Higgins, descnbcd m U.S. Patent No. 4,849.336. 

Nucleic Acid Hybridization, A Practical Approach. IRL Example 1 

Rress (1985)). 65 Preparation of single stranded DNA for immobilization 

The washing procedure after the hybridization reaction as A linear single stranded DNA was prepared by a modified 

well can be conducted in the same manner as that of the method ofMessingetaL (Methods in Enzymology, 101. Part 
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C, 20 (1983)). A chemically synthesized DNA fragment 
shown in FIG, 1 (SEQ ID NO. 1) was inserted into between 
EcoRI and Hind III sites of plasmid pBSM13+ 
(manufacturcd by Stratagene aoning Systems, Inc.) to 
pccparc plasmid pUPPOl. Then, a 1.8 kb fragment contain- 
ing genes B6 and E7 of human papilloma virus 16 was 
inseited into a Hinc H site of this plasmid to prepare plasnud 
pUPPHP16. E. coll NM522 was transformed with the 
plasmid, and a single stranded DNA was prepared by the 
conventional procedure with helper phage M13K07 
(Methods in Enzymology, 153, 3-34 (1987)). 

The single stranded DNA was cleaved by restriction 
enzyme EcoRI or BamHI for linearization. 

Example 2 

Immobilization of single stranded DNA in microtiter well 
The single stranded DNA prepared in Example 1 was 
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TABLE 1 


Well No. 


AbsorhaDoe (at 405 nm) 


I 


134 


2 


0.13 


3 


0.13 



Well No. 1: the well in wfakh the single stranded nucleic acid containiQg a 
human p^illama vims sequence was immobilized. 
IQ Well No. 2: the well in which the single stranded nuckic acid unzelated to a 
human p^iUoma vinis seq^nce was immobilized. 
Well No. 3: Ok well in which no DNA was immobilized. 

In the table, the absorbance were corrected by subtracting 
the background at 405 nm. 

15 Example 4 

Eflfect of UV irradiation on immobilization of DNA in 
microtiter well 

The plasmid DNA (pUPPHP16) and the single stranded 
DNA prepared therefrom prepared in Exan^le 1 were 



dissolved in a solution of 10 mM Tris.Ha, pH 7.6, and 1 20 linearized by cleaving with EcoRi and tiien immobilized in 



mM EDTA to a concentration of 100 ng/jil and then mixed 
with a four-fold volume of HjO and a five-fold volume of an 
immobilization buffer (1.5M NaQ, 0.3 MTVis.Ha, pH 8.0, 
0.3M MgCl2)- The mixture was added to microtiter wells 
(Dynatech, Immulon 2, removawell strips. No. 011-010- 
6302) in an amount of 100 pi per well. The wells were 
covered and allowed to stand at 37° C. for 16 hr. Then, the 
liquid was removed, and the wells were air-dried at 37' C. 



25 



microtiter wells in the same manner as that of Example 2. In 
this case, when the double stranded DNA, ie., pUPPHP16, 
was immobilized, heat denaturation was conducted before 
the double stranded DNA was mixed with the inomobiliza- 
tion buffer. Then, two types of microtiter wells were pre- 
pared. Specifically, in one. UV irradiation was conducted in 
the same manner as that of Exani^le 2, and in the other, no 
UV irradiation was conducted. The hybridization capability 
of the wells thus prepared was examined with the 



for 30 min and subjected to Ught irradiation of 500,000 jJ 30 oUgonucleotides, Bio-AITGTAATGGGCTCTGTCCG 



through the use of Stratalinker (trademark) 2400 
(manufactured by Stratagene Ooning Systems, Inc.). After 
the irradiation, the wells were washed three times with a 
washing buffer (IM NaQ, 2 mM MgQj, O.IM TYisiia, pH 
9.3, 0.1% Tween 20:200 pi). The wells were then sealed in 35 
a polyvinyl chloride bag and stored at 4° C. 



(SEQ ID NO. 2), in the same manner as that of Exan^le 3. 
The results are given in Table 2. 
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TABLE 2 


WeU No. 


Absorbance (at 405 nm) 


1 


1.S8 


2 


0.58 


3 


OJl 


4 


0.48 



WeU No. I : tbt weU in which the single stranded DNA was immobilized with 
UV hradiation. 

Well No. 2: the well in which the single stranded DNA was immobilized 
without XJV irradiation. 

Well No. 3: the well in which the double stranded DNA wss inunobilized with 



without UV irradiatioa 



Example 3 

Hybridization in microtiter well and detection 

A hybridization solution (5xSSC, 5xDenhardt's solution, 
0.2% SDS, 200 Mg/ml, salmon sperm DNA: 100 pl/well) was 
added to the microtiter wells in which the single stranded 
DNA containing a human papilloma vims 16 gene prepared 
in Exano^le 2 had been immobilized, and further a dilution 45 ^uno^a^ well in which the double stranded dna was inunobiiized 
of biotin-labelled oligonucleotides (Bio- 
ArTGTAArGGGCrrCrGTCCa .20 ngAveU (SEQ ID NO. 
2) which are con^lementary to part of the human p^Uloma 
virus 16 gene was added thereto. The mixture was main- 
tained at 55"* C. for 30 min. The hybridization solution was 50 
removed, and the wells were washed three times with 
2xSSC (200 pl/well). A strq)tavidin-alkaline phosphatase 
solution (prepared by subjecting a solution of streptavidin- 
alkaline phosphatase (Bethesda Research Laboratories, Inc.) 
to 1,000-fold dilution witii O.IM Tris.HQ, pH 7.5, 0.3M 
NaO, 2 mM MgClj, 0.05% (v/v) Triton X-100) was added 
thereto (100 Ml/well), and the wells were shaken at 23° C. for 
10 min. The reaction mixture was removed from the wells, 
and the wells were washed three times with a washing ^ 
solution (O.IM Tris.HCt pH 7.5, 0.3M NaQ, 2 mM MgQj, 
0.05% (v/v) Triton X-100: 200 |ii/well). After the washing, 
ap-nitrophenyl phosphate solution (IM diethanolamine, pH 



In the table, the absorbance were corrected by subtracting 
the background at 405 nm. 

Example 5 

Comparison of hybridization c^ability after immobilization 
in microtiter well of single stranded DNA wi& that of double 
stranded DNA 
The hybridization capability after immobilization in a 
55 microtiter well of a single stranded DNA was con^ared with 
that of a denatured double stranded DNA. The single 
stranded DNA and the double stranded DNA were prepared 
in substantially the same manner as that of Example 4, but 
the single stranded DNAwere immobilized in a cydic form. 

The DNA solution was added in an amount of 1 pg. 100 
ng and 10 ng each per well for the immobilization in the 
same manner as that of Example 2. The hybridization 
capability of each well was examined by use of Bio- 
9.8, 0.5 mM MgQj: 4 mg/ml: 100 pl/weU) was added to the AITGTAArGGGCrcrGTCCG (SEQ ID NO. 2) as a probe 
wells and a reaction was allowed to proceed at 23° C. for one 65 in the same manner as that of Exanq)lc 3. The results were 
hr. Absorbance was then measured at 405 nm. The results are as shown in FIG. 2 (the absorbance at 405 nm were 
given in Table 1. measured by a microplate reader). 



i 
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Example 6 

Labellii^ by gene amplification and detecting an^jlification 
product and point mutation 

An oligonucleotide coxresponding to codons 2 through 11 
of a human ^globin was chemically synthesized and 
inserted into a HincII site of plasmid pUCf 1 (see FIG. 3). 
The procedure was conducted for both a normal gene (pA) 
(SEQ IDNO. 3) and a point mutated gene (PS) (SEQ ID NO. 
4) causative of p-thalassemia. Among the resultant clones, a 
clone capable (rf providing a sense single stranded DNA was 
selected, and the single stranded DNA was prepared there- 
from. The single stranded DNA thus were immobilized in a 
cyclic form In microtiter wdls according to the procedure 
described in Example 2. 

Then, a gene amplification was conducted. The reaction 
was conducted through the use of GeneAm^) (trademark) 
manufactured by Cetus Corporation according to the proto- 
col by ±t manufacturer. 5' ACACAACrGTGTGTrCAC- 
TAGC (SEQ ID NO. 5) and biotinylatcd Bio- 
CAACrrCATCCACGTTCACC (SEQ ID NO. 6) were 
used as the primer, and 4,4 kb DNA fragments prepared from 
the plasmid DNA (pBR322-HpPst) by the digestion of Pst I 
(DNA, 3, 7-15 (1984)) was used as the tenq)late. 

After the gene amplification, an aliquot of the reaction 
mixture was heat-denatured and subjected to hybddization 
and subsequent detection in the same manner as that of 
Example 3. The results are given in Table 3 (the absoibance 
at 405 nm were measured by a microplate reader). 
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was selected with ampicillin marker. The plasmid pUC- 
Sfi27x thus obtained was cleaved by SfiJ, and a portion 
containing repetition of the unit sequence was purified and 
recovered by electrophoresis. This fragment was self-ligated 
with T4 DNAligase and inserted into the Sfil site of plasmid 
pUC119S (prepared by inserting Sfil linker (manufactured 
by Boehringer Mannheim; #909785) into the BamHi site of 
pUC119). Clones are different from each other in the nuniber 
of the unit sequence depending upon the degree of self- ■ 
ligation. In the present experiment, clones wherein the 
numbers of the unit sequence is 9, 14, 64 and 165 were 
obtained. 

Example 8 

Effect of probe into which oKgonudeotide has been repeat- 
edly inserted 

Single stranded DNAs were prq)ared respectively from 
the done prepared in Exanqile 7 and a separately prepared 
clone having one unit sequence in the same manner as that 
of Exanq>le 1 and immobOized in a microtiter well in the 
same manner as that of Example 2. 

Then, the following gene amplification was conducted by 
using the following two biotin-labelled primers: 

Bk><3CAACCAGAGACAACrGAIC (SEQ ID NO, 8) 
Bk>AnGTAArC3GGCTCrGTCCG (SEQ ID NO. 2) 



TABLE 3 



WdlNo. 


Absorbance (at 405 nm) 




1 


0.432 




2 


0.288 




3 


0i)37 





well No. 1: the well in which the smgk stranded DNAcontainipg A-gcne was 
muDobiUzed. 

well No. 2: (be well in which the single stianded DNAcoataimog S-gene was 
immobilized. 

well No. 3: the well in which the single stranded DNA tmielated to -gbbrn 
gene was immobilized. 

In the table, the absorbance were corrected by subtracting 
the background at 405 rniL 
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Example 7 

Preparation of single stranded DNA containing repetition of 
unit sequence 

A pari of E7 gene of human papilloma virus 16 was 
chemically synthesized, and single stranded DNA contain- 
ing repetition of a sequence of the synthesized oligonucle- 
otides (the unit sequence) was prepared therefrom according 
to the method shown in FIG. 4 (SEQ ID NO, 7). 

Briefly, two kinds of oligonucleotides shown in FIG. 4 
were chemically synthesized, and the 5* terminal thereof was 
phosphosylated with polynucleotide kinase and ATP. Then, 
the two kinds of oligonucleotides were mixed with each 
other to form a double strand. The fragments of tfie double 
strand were linked to each other witii T4 DNA ligase. After 
the ligation, blunt ends were formed by use of the Klenow 
fragment of colt DNA polymerase and four kinds of 
deoxynucleoside triphosphates. The resultant reaction prod- 
uct was electrophoresed on 6% polyacrylamide gel, and a 
portion corresponding to 270 bp was cut out to recover 
DNA. 

Then, plasmid pUC-Sfix2 (Japanese Patent Laid-Opcn 
Publication No. 190194/90) was cleaved by BamHL and the 
terminal 5' phosphate was removed wilii aUcaUae phos- 
phatase. This product was ligated with T4 DNA ligase to the 65 
DNA recovered from the polyacrylamide gel. £. coli JM109 
was transformed with the ligated product An stable clone 



and a plasmid containing a E7 gene of papilloma virus 16 
(HPV16) as a template. 
GeneAmp (trademark) manufactured by Cetus Corpora- 
30 tion were added to 10 ng of plasmid pXJPPHP16 (see 
Example 1) and 100 ng of each primer according to the 
protocol by the manufacturer, and the total volume of the 
reaction solution was adjusted to 100 pi with water. The 
reaction solution was heated at 95** C. for 5 min in a thermal 
cycler manufactured by Perkin-Elmer Cetus Instruments, 
Inc. to denature DNA, and 2.5 units of AmpliTaq 
(trademark) was added thereto. The cycle of heating at 72° 
C. for 60 sec, at 94° C. for 30 sec and at 50** C. for 30 sec 
was repeated 30 times. 

The reaction mixture was diluted with water and 5 pi of 
the diluent was heat-denatured and hybridized with a pre- 
viously prepared microtiter weUs on which the single 
stranded DNA containing a E7 gene sequences has been 
immobilized under the same condition as that described in 
Example 3, and the absorbance was measured. 

The resists are shown in FIG. 5. As is apparent from the 
drawing, when the number of the unit sequence was 64 or 
165, tiie sensitivity was about 20 times that in the case where 
the number of the unit sequence was one. 
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Example 9 

Detection of human papilloma virus 16 gene in rapid and 
simple manner 

In order to sin^lify the hybridization process of the 
present invention further, studies were conducted on the 
con^josition of the hybridization solution, hybridization 
temperature and color development time. According to 
results of the studies, the detection of a human papilloma 
virus 16 gene was conducted under the following simplified 
conditions. 

10 ng of DNA extracted from Caski cells as a positive 
san^le and 10 ng of DNA extracted from human peripheral 
blood as a negative sample were each used as a template, and 
gene amplification was conducted by the PCR process in the 
same manner as that of Example 8. The resuUant reaction 
mixtures were added to wells prepared in Exanqjle 8. In one 
well single stranded DNA wherein the number of repetitions 
of the unit sequence was one had been immobilized, and in 
the other well, single stranded DNA wherein the number of 
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repetitions of the unit sequence was 64 had been immobi- 
lized Hybridization was conducted in 100 pi of ^ hybrid- 
ization solution (5xSSC, 0.2% SDS) with 5 pi of the 
above-described PGR mixture at 31'' C. for 30 min. After the 
hybridization solution was removed from the wells, the 
wells were washed three times with 200 pi of a washing 
solution (2xSSC). 

A streptavidin-alkaline phosphatase solution (pr^ared by 
subjecting a solution of streptavidin-alkaline phos|^atase 
(manufactured by Bethesda Research Laboratories. Inc.) to 
1.000-fold dUution with 0.1MTris.Ha,pH 7.5, 0.3M NaQ, 
2 mM MgOj, 0.05% (v/v) Triton X-100) was added tfiereto 
100 plAvell, and the weUs were gently shaken at 23* C. for 
10 min. After the solution was removed from the wells, the 
wells were washed three times with a washing solution 
(O.IM Tris.Ha pH 7.5. 03M NaQ, 2 mM MgOj, 0.05% 
(v/v) Triton X-100: 200 pl/well). After the washing, 100 jil 
of p-nitrophenyl phosphate solution (IM diethanolamine, 
pH 9.8, 0.5 mM MgOj: 4 mg/ml) was added to the wells and 
an enzymatic reaction was allowed to proceed at 23^ C. f or 
20 min. Tlie absorbance was then measured at 405 nm. The 
results arc given in Table 4. As is apparent from Table 4, 
even when the procedure was sim^ilified, the positive sample 
could be significantly distinguished ftova the negative 
saxt^le in the case of single stranded DNA wherein the 
number of the unit sequence was 64. 

TABLE 4 





Ab»>rbance (zx 403 nin) 




PosUive sample 


Negative san^Ie 


WeU No. 


(from Casid cell) 


(from npnrml humaii) 


1 


0.04 


0.00 


2 


0.73 


0.02 



tively. The probes are completely matched to a gene 
sequence of genotypes as shown in Table 5. The unit 
sequences in the single stranded nucleic acids are repeated 
sixty times. 

TABLE 5 

SEQID 



10 



15 



20 



25 



30 



Well No. 1: the well in which the sis^ stzaoded DNA contaiiiing ooe unit 
sequeoce was immobilized. 

Well No. 2: the well in which the siogle stranded DNAcantainii^g 64 repeats 
of the unit sequence was immobiUzed. 

In the table, the absorbance were corrected by subtracting 
the background at 405 nm. 

Example 10 
Detection of mutation of HLA-DRB gene 

Unit sequences as shown in Table 5, i.e., probes 1 to 12, 
were repeatedly ligated in the same manner as that of 
Example 7 and immobilized in microtiter wells, respec- 
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Probe Sequence 


Genotype 


NO. 


1 


CCX3 TIG CTG GAA AGA TGC 


DRl 


9 


2 


C AG CAG GAT AAG TAT GAG 


DR2 


10 


3 


CfGC CX3G GTG G AC AAC TAG 


DR3 


11 


. 4 


TIG GAG CAG GIT AAA CAT 


DR4 


12 


5 


T GAr GAG GAG TAG TGG AA 


DR5(Wll) 


13 


6 


GG TIA CTG GAG AGA C AC T 


DR5(W12) 


14 


7 


TIC TIG GAG TAC TCT ACG 


DR34)R5J)R64)RS 


15 


8 


TGG CAG GOT AAG TAX AAG 


DR7 


16 


9 


AGACAGGCGGGCCCIGGT DR8 


17 


10 


G TAT CIG CAC AGAGGC AI 


DR9 


18 


a 


TIG AAG CAG OAT AAG TIT 


DRIO 


19 


12 


TGC AGA CAC AAC TAC GGG 


nonfipecific 


20 






(all genotypes) 





A gene amplification of HLA-DRB gene was conducted 
in the same manner as that of Example 8 by use of 1 |ig of 
DNA extracted from human peripheral blood as a template 
and biotin-labelled primers as follows: 

GLPDRBl Bio-TTdTCAAIGGGACGGAGCG (SEQ ID NO. 
21) 

GAMPDRBl Bio-GCCGCTGCACTGTGAAGCrcrc (SEQ ID 
NO. 22) 

(GLPDRBl is corresponding to amino acids 17 through 23 
of HLA-DRB and GAMPDRBl is corresponding to amino 
acids 87 to 94 of HLA-DRB, J. Exp. Med., 169, 2263-2267, 
1989) 

The gene amplification reaction cyde of heating at 94* C. 
for 30 sec, at 50** C. for 30 sec and at 72° C. for 60 sec was 
repeated 30 times. 5 ^l of the reaction mixture was added to 
the midotiter wells on which probes 1 to 12 had been 
immobilized, and the hybridization was conducted at 60° C. 
for one hr and the enzymatic reaction was conducted at 23° 
C. for one hr. Other detailed procedure was as same as that 
of Example 3, 

Absorbance measured at 405 nm are given in Table 6. 
According to the results, genotypes of the samples are 
detennined as given in the table. 



TABLE 6 



Sanq>k 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 Genotypes 


a 


1.69 


1.03 


0.12 


0,16 


0.12 


0.15 


0.13 


0.18 


0.19 


>2 


Oj08 


>2 DRl 


























DR9 


b 


0.06 


>2 


0.11 


0.19 


0.11 


0.17 


1.81 


0.16 


0.95 


0.99 


0X39 


>2 DR2 


























DR8 


c 


0.06 


0,23 


1.51 


>2 


0,08 


0.50 


>2 


0.12 


0.16 


0j09 


OJ06 


>2 DR3 


























DR4 


d 


0.12 


0.18 


0.12 


0.17 


1,83 


0.65 


>2 


0.20 


1.15 


0.11 


0j09 


>2 DR5(W11) 


























DRS 


e 


0.07 


0.17 


0.14 


0,13 


0.09 


>2 


>2 


0.16 >2 


0.11 


0.07 


>2 DR5(W12) 


























DRS 


f 




0.29 


0JQ9 


0.18 


0.11 


0.58 


>2 


>2 


0.23 


0.11 


0.06 


>2 DR6 


























DR7 


& 


0.29 


0.27 


om 


0,19 


0.10 


0.15 


>2 


0.20 


>2 


O.U 


>2 


>2 DRS 


























DRIO 
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Example 11 
Detection of mutation of HLA-DRB gene 

ShOTt Oligonucleotides, i.e.. Probes A (SEQ ID NO. 23), 
B (SEQ ID NO. 24) and C (SEQ ID NO. 25) shown in FIG. 
6, are immobilized in microtiter wells in the same manner as 5 
that of Exanq}le 2. Long Oligonucleotides, i.e.^ single 
stranded nucleic acids containing probes A* B and C 
sequence repeated 60 times, were prepared and then immo- 
bilized in microtiter wells, respectively, in the same manner 
as that of Example 7. Probes A, B and C arc coiiq)letely lo 
matched to gene sequences of genotypes DRB5*0101(SEQ 
ID NO. 26), DRBl* 1201 (SEQ ID NO. 27) and DRB1*0901 
(SEQ ID N0.28), respectively. 

A gene amplification of HLA-DRB gene was conducted 
in the same manner as that of Example 10 to prepare Sanqile is 
1, 2 and 3 . The hybridization procedure was conducted in the 
same manner as that of Example 3. Absorbance measured at 
405 nm are given in Table 6. Although the short oligonucle- 
otides have nonspecificity to the samples, eadi of the long 
oligonucleotides has a definite specificity to the san^les. 20 
According the absorbance obtained with the long 
oligonucleotides, genotypes of the samples are determiiied 
as given in the table. 
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TABLE 7 



AbsoibazEe (at 405 nm) 



Short Oligonucleotides Loqg Oligonucleotides 



Probe Probe Probe Ptobe Probe Probe 
Saoxple A B C A B C Genotype 



1 0.193 0.139 0.180 2.520 0.216 0.238 DRB5*0101 

2 0.112 0.104 0.268 0.859 0.176 1598 DRBl* 1201 

3 0,212 0.204 0.160 0.311 1,695 0.249 DRB1»0901 



The results demonstrate that the long oligonucleotides on 
the miaotiter wells has an advantage of typing the HLA- 
DRB gene compared with the short oligonucleotides. 



SEQUEKCE ushno 



( 1 ) GENERAL INFORMAHON: 



( i i i ) NUMBER OF SEQUENCES: 29 



( 2 )INF<»M:AnC»f FORSEQIDKO:!: 



( i ) SEQUENCE CHARACIERISnCS: 
( A ) LENGTH: 40 base pun 
( B ) TYPE: sackic add 
( C ) SlTtANDEDNESS: doufak 
'(D) TOPOLOGY: Hnear 

( 1 i ) MOLECULE TYI^: oto nidac add 



( i i i ) HTPOtHBTICAL: 
( i V )ANn-SENSE: 
( V ) FRAGMENT TYPE: 



( V i ) ORIGINAL SOURCE: 

(A)ORaANI5M: 
( B ) STRAIN: 

( C ) INIHVIDUAL ISOLATE: 

( D )DBVELOPMBWtAL STAGE: 

( B )HAPLarYPE: 

( F ) TISSUE TYPE: 

( O )CELLTYPE: 

(H>CELLliNE: 

( I )0RQANEUJE: 

( V t i )IMMEDUaB SOURCE: 
( A >UBRARY: 
( B ) CLONE: 



( V i I i ) POSmON IN GENOME: 

( A ) CHROMOGOM&SBGMENT: 
( B )MAPP0SIT10N: 

( c )UNrrs: 



( i X )FEAIURE: 

( A ) NAME«EYi 
( B ) LOCAnON: 
( C ) IDEmiPlCAnQN METHOD: 
( D ) OTHER INFORMATICS: Aiotes "tequence tbown in 
Fig. I u 5*-3*(firecdoa" 
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( X ) PUBUCAnON INFORMAnON: 
( A ) AUTHORS: 
( B )'nTLE: 
( C ) KlUHNAL: 
( D ) VOLUME: 
( E ) ISSUE: 
( F ) PAGES: 
( O )DAm: 

( H ) DOCUMENT NUMBER: 
( I )FILINODAm: 

( J )pubuc:aiiondaie: 

( K ) RELEVANT RESIDUES IN SEQ ID NO: 



( I i ) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
CAOCTOAATT CGGATCCOTC OACGGATCCG AATTCAOCTG 



( 2 )INFORMAnONFORSEQIDNO:2: 

( i ) SEC2UENCE CHARACIERISItCS: 
( A ) LENGTH: 20 hasea 
( B ) TYPE: nuddc acid 
( C ) STRANDEDNESS: ungle 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: other mxleic add 

( i i i ) HYPOlHBnCAL: 

( i V ) ANH-SENSE: 

( V ) FRAGMENT TYPE: 

( V i ) ORIGINAL SOURCE: 

( A ) ORGANISM: 

( B ) STRAIN: 

( C ) INDIVIDUAL ISOLATE: 

( D ) DEVELOPMENTAL SIAGE: 

( E )HAPLOrYPE: 

( F )TTSSUETYPE: 

( G ) CELL TYPE: 

( H ) CELL LINE: 

( I ) ORGANELLE: 

( V i t ) IMMEDIAIE SOURCE: 
( A ) LIBRARY: 
( B ) CLONE: 

( V i i i ) POSraON IN GENOME: 

( A )CHROMOSOME«EOMENr: 
( B )MAPPOSrnON: 

( c )UNrrs: 

( i X >FEArURE: 

( A ) NAMErtCBY: 
( B ) LOCAnON: 
( C ) IDENTinCAnON MEIHOD: 
( D ) OTHER INFCXtMATION: /iio(e= 'liaving biodn tA 
5'eiidwilhatpacer" 

( X ) PUBUCAHON INFORMAnON: 
( A ) AUTHORS: 
( B )TnLE: 
(C)JOURNAL: 
( D ) VOLUME: 
( E ) ISSUE: 
( F ) PAGES: 
( O ) DATE: 

( H ) DOCUMENT NUMBER: 

( I )FIUNGDArE: 

( J ) PUBUCAnCW DATE: 

( K ) RELEVANT RESIDUES IN SEQ ID NO: 

( X i ) SEQUENCE DESCRIFnON: SEQ ID NO:2: 

ATTGTAATOC GCTCTGTCCO 
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( 2 ) INPC»M>mQN FOR SEQ n> N0:3: 

{ i ) SEQUENCE CHARACTERISnCS: 
( A ) LENGTH: 30 base puis 
. ( B ) TYPE: jwdeic awl 
( C ) SntANDEDNESS: doobb 
( D ) TOPOLOGY: fiKW 

( i i ) MOLECULE TYPE: otbec nucleic add 

( i i i ) HYPOTHEnCAL: 

( i ▼ )ANn-SBNSE: 

( V )FRAGMEWrTYPE; 

( T i ) ORIGINAL SOURCE: 

( A ) ORGANISM: 
( B ) SIRAIN: 

( C ) INXXVIDUALISOLAIE: 

( D ) DEVELOPMENTAL STAGE: 

( E )HAPLOTYPE; 

( F )TISSUETYPE: 

( O ) CELL TYPE: 

(H )CELLLINE: 

( I )C«OANELLE: 

( Y \ i ) IMMEDIAIE SOURCE: 
( A ) LIBRARY; 
( B ) CLONE: 

( V i i i ) POSmON IN GENOME: 

( A ) CHRibMOSQME/SEGMENI^ 
( B )MAP POSITION: 
( C ) UNITS: 

( i X )FEArURE: 

( A )NAME«EY: 
( B ) LOCAnW: 
( C ) EffiNnnCAnON MEIHOD: 
( D ) OTHER INRKtMAIlON: /aoCB= "tegticnce ihowa b 
Fig. 3 in S'-ydareei6on" 

( X ) PUBLICAnON INFORMXnON: 
( A ) AUTHORS: 
( B ) TITLE: 
( C ) JOURNAL: 
( D ) VOLUME; 
( B )ISSUE: 
( F ) PAGES: . 
( G )DAIE: 

( H ) DOCUMENT NUMBER: 

( I ) FILING DATE: 

( J ) PUBUCAnON DATE: 

( K ) RELEVANT RESIDUES IN SEQ ID NO: 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:3: 

CACCTOACTC CTGAGOAOAA GTCTGCCGTT 



( 2 )INFORMArK»»FORSBQIDNO-w4: 

( i ) SEQUENCE CHARACTERISnCS: 
( A ) LENGTH: 30 b«s« pun 
( B ) TYPE: Dockk add 
( C ) STRANDEDNESS: double 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: «ba nucleic acid 

( i i i ) HYPOTHEnCAL: 

( i V )ANTVSENSE: 

[ V ) FRAGMENTTYPE: 

( V i ) ORIGINAL SOURCE: 

( A ) ORGANISM: 
( B ) STRAIN: 
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( c ) I^a^IVII>UALISOLXIE: 

( D ) DEVELOPMEOTAL STAGE: 

( B )HAPLOTYPE: 

( F ) TISSUE TYPE: 

( O )CELLTYP& 

( H ) CELL LINE: 

( I )OROANBLLE: 

( V i i ) IMMEDLAIE SOURCE: 
( A ) UBRARY: 
( B >CLONE: 

( V i i i ) posrnoN in genome: 

{ A ) CHROMOSOMEmSMENIi 
( B )MAPPOSmON: 
( C) UNITS: 

( i X )FEArURE: 

( A )NAME/KEY: 
( B ) LOCAnON: 
( C ) IDENTlFICAnON METHOD: 
( D ) OIHER. INFORMAnON: /aotc= "leqocDce Aown in 
Fig. 3 from y.3'<liiectkm" 

( X > PUBUCAnON INFORMAnON: 
( A ) AUTHORS: 
(B)TITLE: 
( C ) JOURNAL; 
( D ) VOLUME: 
< B ) ISSUE: 
( F ) PAOBS: 
( G ) DAIB: 

( H } DOCUMENT NUMBER: 

( I ) HUNG DAIE: ' 

( J ) PUHUCAnON DATE: 

( K ) RELEVANT RESIDUES IN SEQ ID NO: 

( X i ) SEQUENCE DESCRnmON: SEQ ID NO:4: 

CACCTOACTC CTGTOOAOAA GTCTGCCOTT 30 



( 2 ) INFORMATION FOR SEQ ID NO:5: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 72 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: singU 
( D )T0POLOaY:Iineai 

( i i ) MOLECULE TYPE: other nucleic add 

( i i i ) HYPOIHBnCAL: 

( i V >AKn-^£NSE: 

( V ) FRAGMENT TYPE: 

( V i ) ORIGINAL SOURCE* 

( A ) ORGANISM: 
( B ) STRAIN: 

( C ) INDIVIDUAL ISOLAIE: 

( D ) DEVELOPMENIAL STAGE: 

( E )HAPLOTyPE: 

( F )ltSSUETyPE: 

( O )CBLLTYPE: 

( H ) CELL LINE: 

( I )CMlOANELLE: 

( V i i ) IMMEDWIE SOURCE: 
( A ) LIBRARY: 
( B ) CLONE: 

( V i i L ) POSITION IN GENOME: 

( A ) chromosome;segment: 

( B )MAPPOSrnON: 

C c )UNrrs: 

( i X >FBAIt!RE: 

C A ) NAMErtCEY: 
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( B ) LOCAnON: 

( c ) lECNnncxnoN MEIHOD: 

( D )aiHERINP0llMAnON: 

( X ) PUBUCAnCW INFQRMAnON: 
( A )AUTHORS: 
( B )TTTUE: 
( C ) JOURNAL: 
( D )VOLUME: 
( E ) ISSUE: 
( F )PAC^: 
( O ) DATE: 

( H ) DOCUMENT NUMBER: 

( I ) RUNG DATE: 

( J )PXBUCAnONDXIE: 

( K ) RELEVANT RESIDUES IN SEQ ID NO: 

( X i ) SEQUENCE DESCR]FnC»4: SEQ ID NO:5: 

ACACAACTGT OTOTTCACTA OC 



( 2 ) INPORMAnON FOR SEQ ID NO:6: 

( i ) SEQUENCE CHARACTERlSnCS: 
( A ) LENGTH: 20 bOKS 
( B ) TYPE: mcldc add 
( C ) SIRANDEDNESS: ungle 
( D ) lOPOLOOY: lines 

( i i >M(X£CULETyPE:o(bcf mckEaod 

( i i i ) HYPOIHEnCAL: 

( i V )ANT[MENSE: 

( V )FJlAOMENrTYPE: 

( V i ) ORKHNAL SOURCE: 

( A ) CHtOANISM: 
( B ) STRAIN: 

( C ) INDIVIDUAL ISOLATE: 

{ D ) DEVELOPMENIAL SEAOE: 

( E )HAPLarYFE: 

( F )'nSSUETYPE: 

(a)CELLr«>E: 

( H )CEL1.UNE: 

( I )OROANELLE: 

( T i i ) IMMEDIAIE SOURCE: 
(A)LIBRARY: 
( B ) CLONE: 

( V i t i ) POSITION IN GENOME: 

( A ) CHROMOSOME/SBOMENT: 
( B )MAPPOSrnON: 
( C ) UNITS: 

( i X ) FEATURE: 

( A ) NAMEOCBY: 
( B ) LOCAnON: 
( C ) IDENTIFICAnON METHOD: 
( D ) OTHER INFC«MAnON:Aaote=^1ianaghio^ 
the S'ead wilh a quoo^ 

( X ) PUBLICAnC»^ INFORMAnON: 
(A)AUTHORS: 
( B )TTTLE: 
( C ) JOURNAL: 
( D ) VOLUME: 
( E )ISSUB: 
( F )PAOES: 
( G )I>ArE: 

( H ) DOCUMENT NUMBER: 

( I ) HUNG DATE: 

( J ) PUBUCADON DATE: 

( K ) RELEVANT RESIDUES [N SEQ ID NO: 

( X i ) SEQUENCE DESCRIPnON: SEQ ID NO:€: 
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CAACTTCATC CACOTTCACC 20 

< 2 )INPORMAnC»?FORSEQlDNO:7: 

( i ) CHARACTERISTICS: 
( A } UQ^OTH: 27 base 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: double 
( D )TCtf>OLOGV:hncar 

( i i ) MOLECULE TYPE: otha nocieic acid 

( i i i ) HYPOIHEnCAL: 

( i r )AKn-SENSE: 

( V ) FRAGMENT TYPE: 

( V i ) ORIGINAL SOURCE: 

( A ) ORGANISM: 
( B ) STRAIN: 

( C ) INDIVIDUAL ISOLATE: 
( D ) DEVELOPMENTAL STAGE: 
( E )HAPLOTYPE: 

< F )T1SSUETYPE: 
( G )CEIXTYPE: 

< H ) CELL LINE: 

( I ) ORGANELLE: 

( V i i ) IMMEDLME SOURCE: 
( A ) LIBRARY: 
( B ) CLONE: 

( V i i i ) POSITION IN GENOME: 

( A ) CHROMOSOME/SEGMENT: 
( B )MAPPOSrnON: 
( C ) UNITS; 

( i X ) FEATURE: 

( A ) NAME/KEY: 
( B ) LOCATION: 
( C ) IDENITFICAnON METHOD: 
( D ) OTHER INFORMATICS: /90te= "sequence diowa in 
Vtg. 4 in 3'-3'direction" 

( X ) PUBUCAnON INFORMAnON: 
( A ) AUTHORS: 
( B ) TITLE: 
( C ) XnJRNAL: 
( D ) VOLUME: 
( E ) ISSUE: 

< P ) PAGES: 
( G )DATE: 

( H ) IXXUMENT NUMBER: 
( I ) FILING DATE: 

( ; ) puBUCAnoN date: 

( K ) RELEVANT RESIDUES IN SEQID NO: 
( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:7: 
AGGTATOAGC AATTAAATGA CAOCTCA 27 



( 2 ) mPORMAnON FOR SEQ ID NO:a: 

( t ) SEQUENCE CHARACIBRlSmCS: 
( A ) LENCSriH: 20 bases 
( B ) TYPE: nickic acid 
( C ) STRANDEDNESS: smgle 
( D ) TOPOUX3Y: linear 

( i i ) MOLECULE TYPE: ocha mK3c'» aad 

( i i i ) HYPOIHEnCAL: 

( i V )ANn^ENSE: 

( V ) FRAGMENT TYPE; 
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( r 1 ) QR1GI14AL SOURCE: 

( A ) ORGANISM: 
( B )7IRAIN: 

( C ) INDIVIl>UAHSOLXr& 

( D ) DEVELOFMEKIAL STAGE: 

( E )HAPLOrYPE: 

( F )'nSSUETYPB: 

( O )CELL'ra»E; 

( H ) CELL LINE: 

( I ) ORGANELLE: 

( V t i ) IMMEtXATE SOURCE: 
( A ) UBSAKY: 
( B ) CLONE: 

( V i i i ) FOSmON IN GENOME: 

( A ) CHROMOSOME/SEGMENT: 
( B ) MAP POSmON: 
( C ) UNITS: 

( i X )FEA1URE: 

( A ) NAM&KEY: 
( B ) LOCAHON: 
( C ) IDENIIFICAnON METHOD: 
{ D ) OTHER INFORMAnON: /note:^1)aving Inotia <t 
die S'end -wiih a t^tctf 

i X ) POBUCXnON INFORMAnON: 
( A ) AUTHORS: 
{ B )TrrLE: 
( C )XJURNAL: 
( D ) VOLUME: 
( E ) ISSUE: 
< F ) RVGES: 
( G ) DATE: 

( H ) DOCUMENT NUMBER: 

( I ) FILING DATE: 

( J ) PUBUCAnON DATE: 

( K ) RELEVANT RESIDUES IN SEQ ID NO: 

{ X i ) SEQUENCE DESCRIFIION: SEQ ID NOiS: 

GCAACCAGAG ACAACTGATC 2 0 



( 3 )INP0RMAnONFOR5BQIDNO:9: 

( i > SEQUENCE CHARACTERISnCS: 
( A ) LENGTH: 18 baies 
( B ) TYPE: ODckac acid 
( C ) SIRANDBDNESS: single 
( D ) TOPOLOGY: fines 

( i i ) MOLECULE TYPE: other nockic Kid 

( i i i ) HYPOIHEIICAL: 

( i V )ANI1i^ENSE: • 

( V .) FRAGMENTTYPE: 

( T i ) ORIGINAL SOURCE: 

( A ) ORGANISM: 
( B ) STRAIN: 

( C ) INDIVIDUAL ISOLATE: 

( D ) DEVELOPMENTAL STACK: 

( E )HAPLOrYPB: 

( P )TTSSUETYPE: 

(O)CELLTYPE: 

( H ) CELL LINE: 

( I ) ORGANELLE: 

(Til) IMMEDtAIE SOURCE: 

< A ) LIBRARY: 
( B ) CLONE: 

( V i i i ) POSmON IN GENOME: 

( A ) CHROMDSOME/SBOMENT; 
( B )MAPPOSrnON: 

< C )UNrrS: 
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( i X ) FEATURE: 

( A ) NAME/KEY: 

( B ) LOamON: 

< C ) IDENIlFlCAnON MEIHOD: 

( D ) OraER INFORMAnON: 

( X ) PUBUCAnON INFORMAnOK: 
( A ) AUTHORS: 
( B ) TIUJE: 
( C ) JOURNAL; 
( D ) VOLUME: 
( E ) ISSUE: 
( F ) EAOES: 
( G ) DAIE: 

( H ) DOCUMENT NUMBER: 

( I )ElLINODAIE: 

( J ) PUBUCAnON DATE: 

( K ) RELEVANT RESIDUES IN SEQ ID SO: 

( I i ) SEQUENCE DBSCRIPTION: SEQ ID NO:9: 

COO TTO CTO OAA AOA TGC I 8 



( 2 )INP0R»4AnONFORSEQIDNO:10: 

( i ) SEQUENCE CHARACTERISnCS: 
( A ) LENGTH: IB bases 
{ B ) TYRE: nuclnc acid 
( C ) STRANDEDNESS; ungle 
{ D )T0POLOaY: linear 

{ i i ) MOLECULE TYPE: odwr nucfcit add 

(lit ) HYPOIHEnCAL: 

( i V )ANn-SENSE: 

< V ) FRAGMENT TYPE: 

( V i ) ORIGINAL SOURCE: 

( A ) ORGANISM: 

( B ) STRAIN: 

( C ) INDIVIDUAL ISOLATE: 

( D )DEVELOPMENIAL STAGE: 

( E ) HAPLOTYPE: 

( F )TISSUETYPE: 

C O )CELLTYFE: 

( H )CELLLINE: 

C I ) ORGANELLE: 

< V t i ) IMMEDLOE SOURCE: 
( A ) LIBRARY: 
( B )CL<»JE: 

( V i i i )P0SrnON IN GENOME: 

( A ) CHROMOSOME/SEGMENTi 
( B )MAPPOSraC»J: 
( C )UNrrS: 

( i X ) FEATURE: 

( A ) NAM&KBY: 

( B ) LOCAnON: 

( C ) IDENTIFICAnON MBIHOED: 

( D ) OXHER INFORMAnON: 

( I ) PUBUCAnON INFORMAnON: 
C A ) AUTHORS: 
( B ) TITLE: 
( C ) JOURNAL: 
( D ) VOLUME: 
( E ) ISSUE: 
( F ) PAGES: 
( G )DArE: 

( H ) DOCUMENT NUMBER: 

( I ) HLINO DATE: 

( J ) PUBUCATTON DATE: 

( K ) RELEVANT RESIDUES IN SEQ ID NO: 
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( X i ) SEQUENCE DBSCRIPTION: SEQ ID NO:10: 
CAO CAG OAT AAO TAT OAG 1 & 



( 2 )INP0RMAnONP0IlSEQIDNO:ll: 



C i ) SEQUENCE CHARACTERISTICS: 
. ( A ) LENGTH: IS besu 
( B ) TYPE: oidoc add 
( C ) SntANDEDNESS: tbelc 
( D ) TOPOLOGY: lioea- 

( i t ) MOLECULE TYPE: utbtxiucleic acid 

( i i i ) HYPOIHEnCAL: 

( i V )AKII-5ENSE: 

( V ) FRAGMENT TYPE: 



( » i ) CHUOINAL SOURCE: 

( A )OROANISM: 
( B ) STRAIN: 

( C ) INDIVIDUAL ISOLAIE: 

( D ) DEVELOPME^^AL STAGE: 

( B )HAPLOTYPE: 

C F )'nSSUETyPE: 

( O ) CELL TYPE: 

(H)CELLUNE: 

( I ) ORGANELLE: 



( V i i ) IMMEIXAIE SOURCE: 
( A ) LIBRARY: 
( B )C1X>NE: 

( r i i i ) FOGrnON IN GENOME: 

( A ) CHROMOSOM&SEGMENT: 
( B )MAPPOSrnQN: 
( C ) UNITS: 



( i X ) FBAIURE: 

( A ) NAME/KEY: 

( B ) LOCAnON: 

( C ) lECNnnCAnON MEIHDD: 

( D ) OTHER INFORMAnON: 



( X ) PUBLICAnON INFORMAnON: 
( A ) AUTHORS: 
( B )'inLE: 
( C ) JOURNAL: 
(D )VOLUME: 
( E ) ISSUE: 
( P > PAGES: 
(0)DA3E: 

( H ) DOCUMENT NUMBER; 

( I )HLINODAIE: 

( J )PUBUCAnONDAIE: 

( K ) RELEVANT RESIDUES IN SEQ ID NO: 



(x i ) SEQUENCE DESCRIPTION: SEQ n>NO:n: 
OGC CGG OTO OAC AAC TAC I Z 



( 2 ) INPORMAnON FC»i SEQ ID NO:12: 

( i ) SEQUENCE CHARACIERISnCSi 
( A ) l£NOIH: 18 bases 
( B ) TYPE: niddc acid 
( C ) STRANDEDNESS: smgle 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: oOxr mickic acid 

( i i i ) HYPOTHBUCAL: 

( i V )ANn-SENSE: 

( V ) FRAGMENT TYTC: 
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( V i ) ORIGINAL SOURCE: 

( A ) ORGANISM: 

( B ) STRAIN: 

( C ) INDIVIDUAL ISOLATE: 

( D ) DEVEIjOi>MENlAL SIAXSB: 

i E )HAPLOmE: 

( F ) TISSUE TYPE: 

( G )CBLLr!fPE: 

( H )CELLL£NE: 

( I ) ORGANELLE: 

(711 ) IMMEDIATE SOURCE: 
( A ) LIBRARY: 
( B ) CLONE: 

( V i i i ) POSITION IN GENOME: 

( A ) CHROMOSOME/SEOMENT: 
( B ) MAP POSITION: 
( C ) UNITS: 

( i X ) FEATURE: 

( A ) NAME«EY: 

( B ) LOCAnON: 

( C ) IDENTIFlCAnON METHOD: 

( D ) OTHER INFORMAnON: 

( X ) FUBLICAnON INFORMXHON: 
( A ) AUTHORS: 
( B )TTn-E: 
( C ) JOURNAL: 
( D ) VOLUME: 
( E ) ISSUE: 
( F ) PAGES: 
( G ) DATE: 

( H ) DOCUMENT NUMBER: 

( I )fiunodai:e: 

( J ) PUBUCAHON DAIE: 

{ K ) RELEVANT RESIDUES IN SEQ ID NO: 

C X i ) SEQUENCE DESCRIFn(M4: SEQ ID NO: 12: 

TTO GAG CAG GTT AAA CAT 18 



( 2 ) INPORMAnON FOR SEQ ID NO:13: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 bases 
( B ) TYPE: nudac add 
( C ) STRANDEDNESS: •ingLe 
( D ) TOPOLOGY: linear 

( i i )MOLEaJLETTfPB:odittEuclcicacid 

( i i i ) HYPOTHEnCAL: 

{ i V )ANn-SENSE: 

( V ) FRAGMENT TYPE: 

( V i ) ORIGINAL SOURCE: 

( A ) ORGANISM: 
( B ) SIRAIN: 

( C ) INDIVIDUAL ISOLATE: 

( D ) DEVELOPMENTAL STAGE: 

( B )HAPLOrYPE: 

( F ) TISSUE TYPE: 

( O ) CELL TYPE: 

( H )CELLLINE: 

( I ) ORGANELLE: 

( T i i ) IMMEDIATE SOURCE: 
( A ) UBRARY: 
( B ) CLONE: 

{ V i i i )POSmON IN GENOME: 

( A ) CHROMOSOME/SEGMENT: 
( B ) MAP POSITION: 
( C ) UNnS: 
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( i X )FEMUKE: 

( A ) NAME/KEY: 

( B } LOCAnON: 

{ C ) IDENHnCAnON MEJHOD: 

( D ) OTHER INFORMAnON: 

( X ) FUBUCAnON INFORMAnON: 
( A )AUTHQRS: 
{ B )TnUE: 
< C ) JOURNAL: 
( D ) V<H.UME: 
( E ) ISSUE: 
( P ) PAGES: 
( O ) DAIEj 

( H ) DOCUMENT NUMBER: 

( I )FIlJNODAre: 

( J ) PUBUCAnON DAIE: 

( K ) RELEVANT RESIDUES IN SBQ ID NO: 

( X i ) SEQUENCE DESCRITOON: SEQ JD NO:t3: 

T OAT OAO OAG TAC TOO AA 18 



( 2 )INro»MAnWF0RSEQIDNO:14: 

( i ) SEQUENCE CHARACTERISTTCS: 
( A )LENGm 18 bases 

< B ) TYPE: nockic acid 

{ C ) SIRANDEDNESS: nngle 
( D )TC»>OL0OY:liiies- 

( i i ) MOLECULE TYPE: odier aucleic add 

( i i i ) HYPOIHEnCAL: 

( i V )ANn.5ENSE: 

( V ) FRAGMENT TYPE: 

( r t ) ORIGINAL SOURCE: 

( A ) ORGANISM: 
( B )ST1tAIN: 

C C ) INDIVIDUAL ISOLATE: 

( D ) DEVBLOPMENIAL STAQE: 

( E )HAPLOrYPE: 

( F ) TISSUE TYPE: 

(O)CELLTYPE: 

( H )CELLUNE: 

( I ) ORGANELLE: 

( V i i ) IMMEDIATE SOURCE: 
( A ) UBRARY: 
( B ) CLONE: 

( V i i i ) posraoN in oenome: 

( A ) CHROMOSOME^EGMENI: 
( B )MAPP0Sm0N: 
( C ) UNITS: 

{ i X )FEAIURE: 

( A ) NAMELY: 

( B ) LOCAnON: 

( C ) IDENHnCAnON MEIHOD: 

( D ) OZHER INFORMAnON: 

( X ) PUBUCAnON INFORMAnON: 

< A )AUTHORS: 
( B ) TITLE: 

( C ) JOURNAL: 
( D ) VOLUME: 
( E ) ISSUE: 
( F ) PAGES: 
( G ) DAIE: 

( H ) DOCUMENT NUMBER: 

( I )FILINODAIE: 

( J ) PUBUCAnON DAIE: 

( K ) RELEVANT RESIDUES IN SEQ ID NO: 
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( X i ) SEQUENCE DESCRXPnON: SEQ ID NO:U: 
00 TTA CTO GAO AGA CAC T 18 



( 2 ) INPORMAnON FOR SEQ ID NO:I5: 

( i ) SEQUENCE CHARACXERISmCS: 
( A ) LENGTH: 18 bases 
( B } TYPE: nicldc acid 
( C ) SIRANDEDNESS: single 
( D )TOPOLOOY: linear 

( i i ) MOLBCULB TYPE: other ouclck add 

( i i i ) HYPOTHEnCAL: 

( i V ) ANn-SENSB: 

( \ ) FRAGMENT TYPE: 

< V i ) ORIGINAL SOURCE: 

C A ) ORGANISM: 

( B ) STRAIN: 

( C ) INDIVIDUAL ISOLATE: 

( D ) DEVELOPMENTAL STAGE: 

( E )HAPLOTYPE; 

( F ) TISSUE TYPE: 

< O ) CELL TYPE: 

( H ) CELL UNE: 

( I ) ORGANELLE: 

C V i i ) IMMEDIATE SOURCE: 
( A ) UBRARY: 
( B ) CLONE: 

( V i i i ) POSITION IN GENOME: 

( A ) CHR(»IOSOME/SEGMEKr: 
( B ) MAP POSITION: 
( C ) UNITS: 

( i I ) FEATURE: 

( A ) NAME/KEY: 

( B ) LOCAnON: 

( C ) IDENTIHCAnON METHOD: 

( D ) OTHER INFORMAnON: 

C X ) PUBUCAnON INFORMAnON: 
( A ) AUTHORS: 
( B )TnLE: 
( C ) JOURNAL: 
( D ) VOLUME: 
{ E ) ISSUE: 
( F ) PAGES: 
( G )DAIE: 

( H ) DOCUMENT NUMBER: 

( I ) FILING DAIE: 

( J ) PUBUCAnON DATE: 

( K ) RELEVANT RESIDUES IN SEQ ID NO: 

(X i ) SEQUENCE DESCRIFIION: SEQ ID NO::5: 

TTC TTG GAO TAC TCT ACO 18 



( 2 ) INPORMATION FOR SEQ ID NO:16: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENOHi: 18 heses 
( B ) TYPE: nodeiG acad 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: odKX nucleic acid 

( i i i ) HYPOTHETICAL: 

(IT) AWn-SENSE: 

( V ) FRAGMENT TYPE: 
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( T i ) ORIGINAL SOURCE: 

( A ) ORGANISM: 
( B )SriRAm: 

( C ) INPrvnXJALISCtAIE: 

( D ) DEVELOPMEyiAL STAGE: 

( E )HAPLOTYEE: 

( F ) TISSUE TYPE: 

( O ) CELL TYPE: 

(H )CELLLINE: 

( 1 ) ORGANELLE: 

( V i i ) IMMEDIATE SOURCE: 
( A ) LIBRARY: 
( B )CLC»ffl: 

( T i i i ) POSmON IN GENOME: 

( A ) CHROMOSOMEflSBGMENr: 
< B )MAPPOSrnON: 
( C ) UNITS: 

( i X ) FEATURE: 

( A )NAME«EY: 

( B ) LOCAnON: 

( C ) mENUHCAnON METHOD: 

( D ) OTHER INFORMAHON: 

( X ) PUBUCAnON INFORMAnON: 
( A )AUn30RS: 
( B )'inLB: 
( C ) JOURNAL: 
( D ) VOLUME: 
( E ) ISSUE: 
( F ) PACmS: 
( O ) DATE: 

( H ) DOCUMENT NUMBER: 

( I ) PILING DAIE: 

( J ) PUBUCAI70N DAIE: 

( K ) RELEVANT RESIDUES IN SEQ ID NO: 

( X i ) SEQUENCE DESCRIFTTON: SEQ ID NO:16: 

TOO CAO GOT AAG TAT AAO I 8 



( 2 )INPQRMXnONFORSEQIDNO:17: 

( i ) SEQUENCE CHARACrERIsmcS: 
( A ) LENGTH: 18 baset 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
(D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: odWBDdeic add 

( i i i ) HYPOTHEnCAL: 

< i V ) ANTI-SENSE: 

< V ) FRAGMENT TYPE: 

( V i ) ORIGINAL SOURCE: 

( A ) CAGANISM: 

(B ) STRAIN: 

C C > INDIVIDUAL ISOLATE: 

C D ) DBVELOPMENIAL STAGE: 

( B )HAPLOTYPE: 

( F ) TISSUE TYPE: 

(O )CELLTYPE; 

( H ) CELL LINE: 

( I ) ORGANELLE: 

< V i i ) IMMEDLAIE SOURCE: 

< A ) LIBRARY: 

< B )CLONE: 

< V i i i ) POSmON IN GENOME: 

( A ) CHROMOSOME/SEGMENT: 
( B )MAPPOGrnON: 
( C )UNrrS: 
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( i X )FBAIURE: 

( A ) NAMErtCEY: 

( B )LOCAnON: 

( C )lDEPmFICAnON METHOD: 

( D ) OTHER INFORMATtON: 

( X ) PUBUCAnON INFORMAnON: 
( A ) AUTHORS: 
( B )TITl£: 
( C ) JOURNAT-: 
( D ) VOLUME: 
( E ) ISSUE; 
( F ) PAGES: 
( O ) DATE: 

< H ) DOCUMENT NUMBER: 

( I )HLINODAI£: 

( J ) PUBUCXnON DATE: 

C K ) RELEVANT RESIDUES IN SEQ ID NO: 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:17: 

A GAC AGO COO GCC CTO OT 1 8 



( 2 ) INPORMAnON FOR SEQ ID NO:l8: 

( i ) SEQUENCE CHARACIERISmCS; 
( A ) LENOTH: 18 bases 
( B )TyPE:nucldciKad 
( C ) SIRANDEDNESS: angle 
(D ) TOPOLOGY: lintar 

( i i ) MOLECULE TYPE: odw nucleic add 

( i i i ) HYPOIHEnCAL: 

( i V ) ANTI-SENSE: 

( V ) FRACaiENTTYPE: 

( V i ) ORIGINAL SOURCE: 

( A ) ORGANISM: 
( B ) STRAIN: 

( C ) INDIVIDUAL ISOLATE: 

( D ) DEVELOPMENIAL STAGE: 

< E )HAPLCTYPE: 

( F ) TISSUE TYPE: 

( G ) CELL TYPE; 

(H )CEU.LINE: 

( I ) ORGANELLE: 

( V i i ) IMMEDIAIB SOURCE: 
( A ) UBRARY; 
( B )CLONB: 

C V i i i ) POSITION IN GENOME: 

( A ) CHROMOSOM&SEOMENT: 
( B ) MAP POSITION: 
( C ) UNITS: 

( i X )FEArURE: 

( A ) NAMErttEY: 

( B ) LOCAnON: 

( C ) IDENnFlCADON METHOD; 

( D ) OTHER INFORMAnW: 

{ X ) PUBUCAnON INFORMAnON: 
( A ) AUTHORS: 
( B )TI1LE: 
( C )KXJRNAL: 
( D )VOLUME: 
( E ) ISSUE: 
( F ) PAGES: 
( G ) DATE: 

( H ) DOCUMENT NUMBER: 

( I )FILINODATE: 

( J ) FUBUCAHON DATE: 

< K ) RELEVANT RESIDUES IN SEQ ID NO: 
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< X i ) SEQUENCE DESCSUFnON: SEQ ID NO:18: 
O TAT CTG CAC AOA OOC AT 18 



( 2 ) INPORMXnON FOR SEQ ID NO:19: 

( i ) SEQUENCE CHARACTERISTICS: 
< A } UENGTH: IS bases 
( B ) TYPE: audeic add 
( C ) SriRANDEDNESS: siasie 
( D }T0POL00Y:lii»ai 

( i i ) MOLECULE TYPE: other imckk acid 

( i i i ) HYPOTHEnCAL: 

( i V ) ANTI-SENSE: 

( V ) FRAGMENT TYPE: 

< V i ) ORIOIKAL SOURCE: 

( A ) ORGANISM: 
( B ) STRAIN: 

( C ) [NDIVtDUAL ISCXJOE: 

( D ) DEVELOPMEKIAL STAGE: 

( E )HAPLaryPE: 

( F,) TISSUE TYPE: 

(O)CELLTYPE: 

(H)CELLUNE: 

( I )ORaAN£LLE: 

< V t i ) [MMEDIAIE SOtKCE: 
( A } LIBRARY: 
( B ) CLONE: 

( V i i i )POSniON IN GENOME: 

( A ) CHROMOSOME^SEGMENI: 
( B ) MAP POSmCW: 
( C ) UNITS: 

( i I ) FEATURE: 

(A)NAME«EY: 

( B ) LOCXnON: 

( C ) IDENTTFICAnON MEIHOD: 

{ D ) OTHER INFCRMAnON: 

( X ) PUBUCAHON INFORMAnON: 
(A)AUrHQRS: 
( B )T1TLE: 
( C ) X)URNAL: 
( D ) VOLUME: 
( £ ) ISSUE: 
( F ) PAGES: 
( O )DArE: 

( H ) DOCUMENT NUMBER: 

( [ )FILIKGDArE: 

( J ) PUBLCCAnON DAIE: 

( X )REUBVANr RESIDUES IN SCQ ID NO: 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO;!9: 

TTO AAG CAO GAT AAG TTT 1 & 



( 2 )tNPORMAnONPORSEQIDNO:20: 

( \ ) SEQUENCE CHARACrERISTICS: 
( A > LENGTH: 18 hues 
( B ) TYFB: ouclcie add 
( C ) STRANDEDNESS: smgto 
( D ) TOPOLOGY: Ibear 

( t i ) MOLECULE TYPE: cdxrmickc acid 

( i i j )HYPafIHBnCAL: 

( i V )ANTI-5ENSB: 

( V ) FRAGMENT TYPE: 
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( V t ) ORIGINAL SOURCE: 

C A ) ORGANISM: 

( B )5mAIN: 

( C ) INDIVIDUAL ISOLATE: 

( D ) raVELOPMENTIAL 5XAGE: 

( E )HAPLOrrVPE: 

( F )T3SSUETYPE: 

( O )CELLTYPE: 

( H )CELLLINE: 

( I ) ORGANELLE: 

( V i i ) IMMEDIAIE SOURCE: 
( A ) LIBRARY: 
( B )CLONB: 

( V i i i >POSmON IN GENOME: 

( A ) CHROMOSOM&SEOMENT: 
C B ) MAP POSmON: 
( C ) UNITS: 

( i X )FEArURE: 

( A ) NAME/KEY: 

( B ) LOCAnON: 

( C ) IDENUHCAnON METHOD: 

( D ) OTHER INFORMAnON: 

( X ) PUBUCA3ION INFORMAnON: 
( A )AUrHOaS: 
( B )Tm£: 
( C ) JOURNAL: 
( D ) VOLUME: 
( E } ISSUE: 
( F ) PAGES: 
( G )DATE: 

( H ) DOCUMENT NinvIBER: 

( 1 ) HUNG DATE: 

( J ) PUBUCA310N DAIE: 

( K ) RELEVANT RESIDUES IN SEQ ID NO: 

( 31 i ) SEQUENCE DESCRIFIION: SEQ ID NO:20: 

TGC AOA CAC AAC TAC GOG 1 8 



( 2 ) INPORMAnON FOR SEQ ID NO^l: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGIH: 20 bases 
( B ) TYPE: nucleic acid 
( C ) STRANISGDNESS: aiagle 
(D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: oflittiijcleic add 

( i i i ) HYPOIHEnCAL: 

< i V ) ANn-SENSE: 

( V ) FRAGMENT TYPE: 

( V i ) ORIGINAL SOURCE: 

( A ) ORGANISM: 
( B > STRAIN: 

( C ) INDIVIDUAL ISOLATE: 

( D ) DEVELOPMENTAL SIAOE: 

( E ) HAPLOTYPE: 

( F )TISSUETYPE: 

( G ) CELL TYPE: 

(H)CELLLINE: 

( I ) ORGANELLE: 

( V i i > IMMEDIATE SOURCE: 
( A ) LIBRARY: 
( B ) CI-ONE; 

( V i i i ) POSITION IN OENC^IE: 

( A ) CHROMOSOME/SEGMENT: 
( B ) MAP POSmON: 
( C ) UNITS: 
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( i X )FEArUR£: 

( A ) NAMELY: 
( B )L0CAnON: 
( C ) IDENIIFICAnON METHOD: 
( D ) OTHER INFORMAnON: /note^TiaTiaB Kotin at 
the Send wHb a qkaccr" 

( X ) FUBUCAnON INFOSMAnON: 
( A )AUTHDRS: 
( B )TnLE: 
( C ) JOURNAL: 
C D ) VOLUME: 
( E )[SSUE: 
( F ) PACES: 
( O ) DAIB: 

( H ) DOCUMENT NUMBER: 

( I )FUJNGDAIE: 

( J ) PUBUCAHON DATE: 

( K ) RELEVANT RESIDUES IN SEQ ID NO: 

(x i ) SEQUENCE DESCRIPnON:SBQ ID NOai: 

TTCTTCAATO OOACOOAOCO 20 



( 2 )[NPORMAnONFORSBQIDNO:22: 

( i ) SEQUENCE CHARACTERISUCS: 
( A ) LENGTH: 22 bases 
( B ) TYPE: nacldc aod 
( C ) STRANDEDNESS: sm^ 
( D ) TOPOLOOY: linev 

( i i ) MOLECULE TYPE: odxr nucleic add 

( i i i ) HYPOIHBnCAL: 

( i 7 ) ANTI-SENSE: 

( V ) FRAGMENT TYPE: 

( V i ) (VICINAL SOURCE: 

( A )ORGANISM: 
< B ) STRAIN: 

( C ) INDIVIDUAL ISOLATE: 

( D ) DBVELOPMENIAL SIAOE: 

( E ) HAPLOTTPE: 

( F )TISSUETYPB: 

( G ) CELL TYPE: 

(H)CELLLINE: 

( I ) ORGANELLE: 

( V i i ) IMMEDIAIB SOURCE: 
( A ) LIBRARY: 
( B ) CLONE: 

( r i i i )POSm<^[NGENCHtIE: 

( A > CHROMOSOME/SEGMENTS 
( B )MAPPOSraON: - 
C C ) UNITS: 

( i X ) FEATURE: 

( A ) NAME/KBY: 
( B ) LOCAnON: 
( C ) IDENTIFICAnON METHOD: 
( D ) OTHER INFORMATION: /not^liavias ^aatm at 
tbe 5'eiid wilb a tpacet* 

( X ) PUBUCAnCW INFOHMAnON: 
( A ) AUTHORS: 
( B )TnLE: 
( C ) JOURNAL: 
( D ) VOLUME: 
( E ) ISSUE: 
( F ) PAGES: 
(O )DATE: 

( H ) DOCUMENT NUMBER: 

( I ) FILING DATO: 

( J ) PUBUCATION DATE: 
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( K ) RELEVAKT RESE)UES IN SEQ ID NO: 
( x i ) SEQUENCE DESCRIFnCW: SEQ ID NOi22: 
OCCOCTGCAC TOTOAAOCTC TC 

( 2 )INR3RMATIONF0RSEQIDNO23: 

{ i ) SEQUENCE CHARACTERISTICS: 
( A ) LENOIH: 14 teies 
( B ) TYPE: micldc acid 
( C ) SIRAHDEDNESS: me^ 
( D JtOTOLOOY: linear 

( i i ) MOLECULE TYPE: ocbeiujcldc acid 

( i i i ) HYPOIHEnCAL: 

( i V ) ANTI-SENSE: 

( y ) FRAGMENT TYPE; 

( V i ) ORIGINAL SOURCE: 

( A ) ORGANISM: 
( B ) STRAIN: 

( C ) INDIVIDUAL ISOLATE: 

( D ) DEVELOPMENTAL STAGE: 

( E )HAPLOrYPE: 

( F ) TISSUE TYPE: 

( O ) CELL TYPE: 

( H ) CELL LINE: 

( I ) ORGANELLE: 

( V i i ) IMMEDIATE SOURCE: 
( A ) LIBRARY: 
( B ) CLONE: 

( V i i i ) POSTnON IN GENOME: 

( A ) CHROMOSOME/SEGMENT: 
( B ) MAP POSmON: 
( C )UNrrS: 

( i X ) FEATURE: 

< A ) NAME/KBY: 

( B ) LOCAHON: 

( C ) IDENTIFICAnON METHOD: 

( D ) OTHER WFORMAnON: 

( X ) PUBUCAnON INFORMAnON: 
( A ) AUTHORS: 
( B )TnLE: 
( C ) K>URNAL: 
( D ) VOLUME: 
( B )ISSU£: 
( F ) PAGES: 
( G ) DAFE: 

( H ) DOCUMENT NUMBER: 

( I ) HUNG DATE: 

( J ) PUBUCAnON DAIE; 

( K ) RELEVANT RESIDUES IN SEQ ID NO: 

( X i ) SEQUENCE DBSCRIPIION: SEQ ID NO:23: 

CAGCAGOATA ACTA I 4 



( 2 )INroRMAnONFORSEQIDNOa*: 

( i ) SEQUENCE CHARACTERISnCS: 
( A ) LENGTH: 13 bascj 
( B ) TYPE: nucleic add 
( C ) SIRANDEDNESS: single 
( D ) TOPOLOGY; linew 

( i i ) MCHiCULE TYPE: otfwr nucleic acid 

( i i i ) HYPOriHEnCAL: 

( i V ) ANTI-SENSE: 
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C V ) FRAGMENT TYPE: 

( V i )aRIG!NAL SOURCE: 

( A ) ORGANISM: 
( B )S1RAIN: 

( C ) INDIVIDUAL ISOLATE: 

( D ) DEVELOPMENTAL STAGE: 

( E >HAPLOTYPE: 

( F )T1SSUE TYPE: 

( O )CaLTYPE: 

( U ) CELL LINE: 

( I )ORaANELLE: 

( V i i ) IMMEIXAIE SOURCB: 
( A ) LIBRARY: 
( B )CLON£: 

( V i i i )posrncMiN<sNOM&*. 

( A ) amOMOSOME^ECOlENT: 
( B )MAPPOSmC»J: 
( C ) UNITS: 

( k X ) FEATURE: 

( A ) NAME^KEY: 

( B ) LOCATION: 

( C ) rDENIlHCAnON METHOD: 

( D ) OTHER INFORMAnON: 

( I ) PUBUCAnON INFORMAnON: 
( A ) AUTHORS: 
( B )TITLE: 
( C ) JOURNAL: 
( D ) VOLUME: 
( E ) ISSUE: 
( F ) PAGES: 
( O ) DAIE: 

( H ) DOCUMENT NUMBER: 

( I jFJUNODATE: 

C J ) PUBUCAnON DATE: 

( K ) RELEVANT RESIDXffiS IN SEQIDNO: 

( X i ) SEQUENCE DESCRIPHON: SBQ [D N0:24: 

OOTTACTOOA GAO 13 



( 2 )INP0RMAnONFORSBQIDNO:2S: 

( i ) SEQUENCE CHARACIERmiCS: 
( A ) LENGTH: 15 bases 
( B ) TYPE: nDcldc add 
( C ) STRANDEDNESS: ai&gle 
( D )TOPCaXXry: linear 

( i i ) MOLECULE TYPE: oiba mjckic add 

(Ml ) HYPOriHEnCAL: 

( i Y ) ANIt-SENSE: 

( V ) FRAGMENT TYPE: 

( V i ) ORIGINAL SOURCE: 

( A ) ORGANISM: 
( B ) STRAIN: 

( C ) INDIVIDUAL ISOLATE: 

( D ) DEVELOPMENTAL STAGE: 

( E )HAPLOTYPE: 

( F ) TISSUE TYPE: 

( G ) CELL TYPE; 

( H )CELLUNE: 

( I ] ORGANELLE: 

( V i i ) IMMEIXATE SOURCE: 
( A ) UBRARY: 
C B ) CLONE: 

( V i i i ) posmoN in genome: 

( A ) CHROMOSOME/SEGMENT: 
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( B )MAPP0SniON! 
( C )UNnS: 

( i X ) FEATURE: 

( A ) NAME/KEY: 

( B )LOCAnON: 

( C ) IDENIinCAnON METHOD: 

( D ) OTHER INFORMXnON: 

( X ) PUBUCAnON INF<»MAnON: 
( A )AtjrHORS: 
( B )'nTLE: 
( C ) KXJRNAL: 
( D ) VOLUME; 
( E )ISSUE: 
( F ) PAGES: 
( O )DXrE: 

( H ) DOCUMENT NUMBER: 

( I )FIUNODArE: 

( J ) PUBUCAnON DATE: 

( K ) RELEVANT RESIDUES IN SBQ ID HO. 

( x i ) SEQUENCE OTSCRIPTICN: SEQ ID NOaS: 

OTATCTGCAC AGAGO X5 



( 2 ) INFORMAnON FOR SEQ ID NO:26: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 90 bases 
( B ) TYPE: wclcac add 
( C ) STRANDEDNESS: itn^ 
( D ) TOPOLOGY: linear 

C i t ) MOLECULE TYPE: other nucldc add 

( i i i ) HYPOIHBrnCAL: 

( i V ) ANTI-SENSE: 

( V ) FRAGMENT TYPE: 

( V i ) <HUOINAL SOURCE: 

( A ) ORGANISM: 
( B )SrntAIN: 

( C ) INDIVIDUAL ISOLATE: 

( D ) DEVELOPMENTAL STAGE: 

( B )HAPIjOTYPE: 

( F ) TISSUE TYPE: 

( O ) CELL TYPE: 

( H )CELLLINE: 

( I } ORGANELLE: 

( V i i ) IMMEDIATE SOURCE: 
< A ) LIBRARY: 
( B ) CLONE: 

( V i i i ) POSmON IN OENC»«E: 

( A ) CHROMOSOME^SEGMENT: 
{ B )MAPPOSraON: 
( C ) UNITS: 

( i X ) FEATURE: 

( A ) NAME/KEY: 

( B )LOCAnON: 

( C ) IDBNTlHCAnON METHOIh 

( D ) OTHER INFORMAnON: /itoto^ TMIBS'OXOI" 

( X ) PUBUCAnON INFORMAnON: 
( A ) AUTHORS: 
( B )TnLE: 
( C ) JOURNAL: 
( D ) VOLUME: 
( £ ) ISSUE: 
( F ) PAGES: 
( O )DArE: 

( H )DOCUMENr NUMBER; 

( 1 )FILINODArE: 

( J ) PUBUCAnON DATE: 
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( K ) RELEVANT RESIDUES IN SEQID NO: 
( X i ) SajIffiNCE DESCRIPnON: SEQ ID NOa6: 
GGGGACACCC OACCACOTTT CTTGCAGCAO OATAAGTATG AOTGTCATTT 50 
CTTCAACGGG ACGOAGCGGO TGCOOTTCCT OCACAGAGAC 90 



( 2 ) INFORMAnON FOR SEQ ID NO:27: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENOIH: 90 bases 
( B ) TYPE: oadoc aod 
( C ) STIRANDEDNESS: sm^ 
( D ) TOPOIjOOY: linear 

( i i ) NfOLECULE TYPE: otbermidck; and 

( i i i ) HYPOIHEnCAL: 

( t V )ANn>SENSE: 

( V ) FRAGMENT TYPE: 

C V i ) ORIGINAL SOURCE: 

(A)ORaANISM: 
( B ) STRAIN: 

( C ) INDIVIDUAL ISOLATE: 

( D ) DHVELOPMENIAL STAGE: 

( B)HAPLaryPE: 

( F ) TISSUE TYPE: 

( O )CELLTYPE: 

(H)CELLLINE: 

( I ) ORGANELLE: 

( V i i ) IMMEDIAIE SOURCE: 
( A ) LIBRARY: 
( B ) CLONE: 

( V t i i ) POSITION IN GENOME: 

{ A > CBROMOSOME/SEGMENT: 
( B )MAPPOSmON: 

( C )UNrrs: 

( i X) FEATURE: 

( A )NAME/KEY: 

( B ) LOCJOION: 

( C ) IDENTIFICAnON MBIHOD: 

( D ) OTHER INFORMAnON: /not^ "DRB1*1201" 

( X ) PUBLICAnON INFORMAnON: 
(A)AUTHQRS: 
( B ) TITLE: 
( OXJURNAL: 
( D ) VOLUME: . 
( E ) ISSUE: 
( F ) PAGES: 
( O ) DAIE: 

( H ) DOCUMENT NUMBER: 

( I ) FILING DAIB: 

( I ) FUBUCAHON DATE: 

( K ) RELEVANT RESIDUES IN SEQ ID NO: 

( X 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:27: 

GOGGACACCA OACCACOTTT CTTGGAGTAC TCTACOGGTO AOTGTTATTT 50 

CTTCAATOOC ACOGAGCOOO TGCGOTTACT OOAOAOACAC 90 



( 2 )INP0RMAnONFORSEQIDNO^: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 90 hwcs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNES5: littgle 
( D )TOP0L0GY:lmeiir 

( i i ) MOLECULE TYPE: cdier nuckic uad 
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(ill ) HYPOTHBnCAL: 

( i V )ANT1-SENSB: 

( V ) FRAGMENT TYPE: 

( V i ) ORK3INAL SOURCE: 

( A ) ORGANISM: 
( B ) SriRAIK: 

( C ) INDIVIDUAL ISOLATE: 

( D ) DEVELOPMENIAL STAGE: 

( E )HAPLOTYPB: 

( F )TISSUETYPE: 

t O )CEULTYPE: 

( H )CELLLINE: 

( I ) ORGANELLE: 

( T i i ) IMMEDIATE SOURCE: 
( A ) LIBRARY: 
( B ) CLONE: 

( V i i i ) POSmON IN GENOME: 

( A ) CHROMOSOMEreEGMENT: 
( B ) MAP POSmON: 
( C ) UNnS: 

( i X )FEAIURE: 

( A ) NAMErtCEY: 

( B ) LOCAnON: 

( C ) IDENTIFICAXION MEIHOD: 

( D ) OTHER INFORMAnW: /docc= "DRBl-HWl" 

< X > PUBLIC AnON INFORMATION: 
( A ) AUTHORS: 
( B ) TITLE: 
( C ) JOURNAL: 
( D ) VOLUME: 
( E ) ISSUE: 
( F ) PAGES: 
( G )nATE: 

( H ) DOCUMENT NUMBER: 

( I ) FILING DATE: 

( Jf ) PUBLICAHON DATE: 

( K > RELEVANT RESIDUES IN SBQID NO: 

i X i ) SEQUENCE DESCRIPnON: SEQ ID NO*J8: 

NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN 

NTTCAACOGG ACGOAOCOOO TOCOOTATCT 



( 2 ) INFORMAnON FOR SEQ ID NO:29: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 90 bases 
( B ) TYPE: flocUac acid 
( C ) STRANDEDNESS: ungte 
( D )TOTCHjOOY: linear 

( i i ) MOLECULE TYPE: other nockk: aai 

( I i i ) HYPaiHHnCAL: 

( 1 V )AKnnSENSB: 

( V ) FRAGMENT TYPE: 

< V 1 ) ORIGINAL SOURCE: 

( A ) ORGANISM: 
( B } STRAIN: 

( C ) INMVIDUAL ISOLATE: 

{ D ) DEVELOPMENTAL STAGE: 

( E ) HAPLOTYPE: 

( P ) TISSUE TYPE: 

( O ) CELL TYPE: 

( H ) CELL LINE: 

( 1 ) ORGANELLE: 



NNNNNNNNNN NNNNNNNNNN 5 0 
GCACAOAGGC 90 
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< r i i ) ZMMEDIAIE SOURCE: 
( A ) UBRARY: 
( B ) CLONE: 

( V t i i ) FOSmON IN OENOME: 

( A ) CHRQMOSOME/SBQMENr: 
( B ) MAP POSmON: 
( C ) UNITS: 

( i X ) FEATURE: 

( A ) NAMEOCEY: 

( B ) LOCAnON: 

( C ) IDEKIIFICAIION MEIHOD: 

< D ) OTHER INFQRMAnON: /juxe^ *l>RBl*010r 

( X ) PUBUCXnC^I INFORMAnON: 
( A )AUrHQRS: 
( B )TnLE: 
( C ) JOURNAL: . 
( D )VOLUME: 
( £ ) ISSUE: 
( F ) PAGES: 
( G ) DATE: 

( B ) DOCUMENT NUMBER: 

( I )HlJNOI>ArB; 

( J ) PUBUCAnON DATE: 

( K ) RELEVANT RESIDUES IN SEQ ID NO: 

( X i ) SEQUENCE DESCRimaN: SEQID NO-^: 

GOGGACACCC OACCACGTTT CTTGTGGCAO CTTAAOTTTG AATOTCATTT 50 

CTTCAATGOO ACOGAOCOOO TOCGGTTOCT GOAAAOATGC 90 



What is claimed is: 

1. A process for immobilizing an HLA-DRB oligonucle- 
otide sequence in a microtitcr well, comprising the steps of: 
preparing a base sequence in which HLA-DRB oUgo- 35 
nucleotide sequences specifically hybridizable with a 
target nucleic add are repeated in tandem 5 to 200 
times, 

inserting the base sequence into a vector which is capable 

of producing a single stranded nucleic add to prepare 40 

a recombinant vector, 
transforming a microorganism with the recombinant 

vector, and culturing the microorganism to amplify the 

number of the base sequence, 
isolating the amplified base sequence in which the HLA- 

DRB oligonucleotide sequences specifically hybridiz- 



able with the target nucleic add are repeated in tandem 
5 to 200 times, and 

immobilizing the amplified base sequence in the micro- 
titcr well by irradiating the microliter well in the 
presence of the amplified base sequence with ultravio- 
let light, 

2. The process according to daim 1, wherein the vector is 
a phage or a phage-plasmid. 

3. A microtiter well which is produced by the process of 
claim 1. 

4. A miaotiter well which is produced by the process of 
claim 2. 

* ^ * t * 
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Detailed Description Text - DETX (24): 

When the label is directly detectable, that is, when the 
label is, for 

example, a radioisotope, a fluorescent substance or a dye, 
the detection 

procedure may be conducted in such a state that a labelled 
nucleic acid is 

bonded to a solid phase, or alternatively the detection 
procedure may be 

conducted by liberating the label into a solution in such a 
state that it is 

bonded to the nucleic acid or released from the nucleic 
acid and then 

conducting the detection according to the label. On the 
other hand, when the 

label is indirectly detectable, that is, when the label is 
a ligand capable of 

causing a specific binding reaction, such as biotin or 
hapten, the detection 

procedure can be conducted by a method commonly used in the 
detection of this 

type, that is, by use of an acceptor (for example, avidin 
or antibody ) to which 

a label capable of directly generating a signal or an 
enzyme catalyzing a 

signal generating reaction has been bound. The acceptor 
may be previously 

added in the hybridization procedure. In this case, the 
binding process of the 

ligand to the acceptor can be conducted simultaneously with 
the hybridization 

step with the result that the whole process can be 
simplified. 



Detailed Description Text - DETX (12): 

It was surprising that the single stranded nucleic acids 
derived from the 

phages or the composite vectors comprising a phage and a 
plasmid which contain 

a gene to be detected can be directly immobilized on a 
microtiter well through 

a nonspecific absorption efficiently. In particular, the 
single stranded 

nucleic acids having 1 k bs to 8 k bs size can be directly 
immobilized on a 

microtiter well in a large amount. Thus, it is preferred 
to use the single 

stranded nucleic acids having 1 k bs to 8 k bs size. In 
addition, a microtiter 

well on which the single stranded nucleic acids having 1 k 
bs to 8 k bs size 

are immobilized ensures a detection of a target nucleic 
acid in a high 

sensitivity. The adsorption of the single stranded nucleic 
acid on the 

microtiter well can be preferably enhanced by irradiation 

of ultraviolet light 

or by adding iyigCl.sub.2 (Japanese Patent Laid-Open 
Publication No. 
219400/1986) . 
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ABSTRACT 



ITie invention relates to a simple, cost effective method for 
immobilizing synthetic nucleic acid molecules onto a solid 
support. The invention further concerns the use of such 
immobilized molecules in nucleic acid hybridization assays, 
sequencing by hybridization assays, and genetic analyses 
and combinatorial analyses involving nucleic acids or pro- 
teins for screening applications. 
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ATTACHMENT OF UNMODIFIED NUCLEIC 
ACIDS TO SILANIZED SOLID PHASE 
SURFACES 

FIELD OF THE INVENTION 5 

The invention relates to a simple, and preferably cost 
effective, method for immobilizing nucleic acid molecules 
onto a solid support. The invention further concerns the use 
of such immobilized molecules in nucleic acid hybridization 
assays, sequencing by hybridization assays, and genetic 10 
analyses and combinatorial analyses involving nucleic acids 
or proteins for screening applications. 

BACKGROUND OF THE INVENTION 

The analysis of the structure, organization and sequence 15 
of nucleic acid molecules is of profound importance in the 
prediction, diagnosis and treatment of human and animal 
disease, in forensics, in epidemiology and public health, and 
in the elucidation of the factors that control gene expression 
and development. Methods for immobilizing nucleic acids 20 
arc often important in these types of analyses. Three areas of 
particular importance involve hybridization assays, nucleic 
acid sequencing, and the analysis of genomic polymor- 
phisms. 

25 

I. Nucleic Acid Hybridization 

The capacity of a nucleic acid "probe" molecule to 
hybridize (i.e. base pair) to a complementary nucleic acid 
"target" molecule forms the cornerstone for a wide array of 
diagnostic and therapeutic procedures. 30 

Hybridization assays arc extensively used in molecular 
biology and medicine. Methods of performing such hybrid- 
ization reactions are disclosed by, for example, Sambrook, J. 
et al. (In: Molecular Cloning: A Laboratory Manual^ Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. 35 
(1989)), Haymes, B. D., et al. (In: Nucleic Acid 
Hybridization, A Practical Approach, IRL Press, 
Washington, D.C. (1985)) and Keller, G. H. and Manak, M. 
M. (In: DNA Probes, Second Edition, Stockton Press, New 
York, N.Y. (1993)) which references are incorporated herein 40 
by reference. 

Many hybridization assays require the immobilization of 
one component. Nagata et al. described a method for quan- 
tifying DNA which involved binding unknown amounts of 
cloned DNA to microtitcr wells in the presence of 0.1 M ^5 
MgCl2 (Nagata et al., FEBS Letters 183: 379-382, 1985). A 
complementary biotinylated probe was then hybridized to 
the DNA in each well and the bound probe measured 
calorimetrically. Dahlen, P. et al. have discussed sandwich 
hybridization in microtiter wells using cloned capture DNA ^0 
adsorbed to the wells (Dahlen, R et al., Mol. Cell. Probes 1: 
15^168, 1987). An assay for the detection of HIV-1 DNA 
using PCR amplification and capture hybridization in micro- 
titer wells has also been discussed (Keller, G. H. et al., J. 
Clin, Microbiol. 29: 638-641, 1991). The NaCl-mediated 55 
binding of oligomers to polystyrene wells has been dis- 
cussed by Cros et al (French patent no. 2,663,040) and very 
recently by Nikiforov et al. (PCR Methods Applic. 3: 
285-291, 1994). The cationic detergent-mediated binding of 
oligomers to polystyrene wells has very recently been 
described by Nikiforov et al. Nucleic Acids Res. 22: 
4167-4175. 

II. Analysis Of Single Nucleotide DNA 
Polymorphisms 

Many genetic diseases and traits (i.e. hemophilia, sickle- 
cell anemia, cystic fibrosis, etc.) reflect the consequences of 



mutations that have arisen in the genomes of some members 
of a species through mutation or evolution (Gusella, J. E, 
Ann. Rev. Biochem. 55:831-854 (1986)). In some cases, 
such polymorphisms are linked to a genetic locus respon- 
sible for the disease or trait; in other cases, the polymor- 
phisms are the determinative characteristic of the condition. 

Such single nucleotide polymorphisms differ significantly 
from the variable nucleotide type polymorphisms 
("VNTRs"), that arise from spontaneous tandem duplica- 
tions of di- or tri-nucleotide repeated motifs of nucleotides 
(Weber, J. L, U.S. Pat. No. 5,075,217; Armour, J. A. L. et 
al., FEBS Utt. 307:113-115 (1992); Jones, L. et al., Eur. J. 
Haematol 39:144-147 (1987); Horn, G. T et al., PCT 
Application WO91/14003; Jeffreys, A. J., U.S. Pat. No. 
5,175,082); Jeffreys. A. J. et al., Amer J. Hum. Genet. 
39:11-24 (1986); Jeffreys. A. J. et al. Nature 316:76-79 
(1985); Gray, I. C. et al. Proc. R. Acad. Soc. Lond. 
243:241-253 (1991); Moore, S. S. el al. Genomics 
10:654-660 (1991); Jeffreys, A. J. et al. Anlm. Genet. 
18:1-15 (1987); Hillel, J. et al. Anim. Genet. 20:145-155 
(1989); Hillel, J. et al. Genet. 124:783-789 (1990)), and 
from the restriction fragment length polymorphisms 
("RFLPs") that comprise variations which alter the lengths 
of the fragments that are generated by restriction endonu- 
clease cleavage (Glassberg, J., UK patent application 
2135774; Skolnick, M. H. et al., Cytogen. Cell Genet. 
32:58-67 (1982); Botslein, D. et al. Ann. J. Hum. Genet. 
32:314-331 (1980); Fischer, S. G. et al. (PCT Application 
WO90/13668); Uhlen, M., PCT Application WO90/11369)). 

Because single nucleotide polymorphisms constitute sites 
of variation flanked by regions of invariant sequence, their 
analysis requires no more than the determination of the 
identity of the single nucleotide present at the site of 
variation; it is unnecessary to determine a complete gene 
sequence for each patient. Several methods have been devel- 
oped to facilitate the analysis of such single nucleotide 
polymorphisms. 

Mundy, C. R. (U.S. Pat. No. 4,656,127), for example, 
discusses a method for determining the identity of the 
nucleotide present at a particular polymorphic site that 
employs a specialized exonuclease -resistant nucleotide 
derivative. A primer complementary to the allelic sequence 
immediately 3' to the polymorphic site is permitted to 
hybridize to a target molecule obtained from a particular 
animal or human. If the polymorphic site on the target 
molecule contains a nucleotide that is complementary to the 
particular exonuclease-resistant nucleotide derivative 
present, then that derivative will be incorporated onto the 
end of the hybridized primer. Such incorporation renders the 
primer resistant to exonuclease, and thereby permits its 
detection. Since the identity of the exonuclease-resistant 
derivative of the sample is known, a finding that the primer 
has become resistant to exo nucleases reveals that the nucle- 
otide present in the polymorphic site of the target molecule 
was complementary to that of the nucleotide derivative used 
in the reaction. The Mundy method has the advantage that it 
does not require the determination of large amounts of 
extraneous sequence data. It has the disadvantages of 
destroying the amplified target sequences, and unmodified 
primer and of being extremely sensitive to the rate of 
polymerase incorporation of the specific exonuclease- 
resistant nucleotide being used. 

Cohen, D. et al. (French Patent 2,650,840; PCT Appln. 
No. WO91/02087) discuss a solution -based method for 
determining the identity of the nucleotide of a polymorphic 
site. As in the Mundy method of U.S. Pat. No. 4,656,127, a 
primer is employed that is complementary to allelic 
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sequences immediately 3' to a polymorphic site. The method simple, ternary (2:0, 1:1, or 0:2) class of signals produced by 

determines the identity of the nucleotide of that site using the GBA™ method. In addition, for some loci, incorporation 

labeled dideoxynucleotide derivatives, which, if comple- of an incorrect deoxy nucleotide can occur even in the 

mentary to the nucleotide of the polymorphic site will presence of the correct dideoxynucleotide (Komher, J. S. et 

become incorporated onto the terminus of the primer. 5 al., Nucl. Acids. Res. \1\1119-11BA (1989)). Such deoxy- 

An alternative method, known as Genetic Bit Analysis™ nucleotide misincorporalion events may be due to the Km of 

orOBA™ isdescribedby Goelet, P. etal. (PCTAppln. No. the DNA polymerase for the mispaired deoxy -substrate 

92/15712). The method of Goelet, P. et al. uses mixtures of b^ing comparable, in some sequence contexts, to the rela- 

labeled terminators and a primer that is complementary to tively poor Km of even a correctly base paired dideoxy- 

the sequence 3' to a polymorphic site. The labeled terminator substrate (Kornberg, A., et al., In: DNA Replication, Second 

that is incorporated is thus determined by, and complcmen- ^^.^.^^ ^^992), W. H. Freeman and Company, New York; 

tary to, the nucleotide present in the polymorphic site of the ^^^^^^ 5 ^^ ^^^ ^^^^ ^^^^ ^^^^ ^ 86:407^080 

urgetraoleaile bemg evaluated. In cont^^^^^ (^ggg^^ ^. ^ contribute to the background 

S?^o" Pf"} 2,650,840; PCT Appln. No. polymorphic site interrogation. 

WO91/02087)themethodofGoelel, Petal, is preferably a v :> v & 

heterogeneous phase assay, in which the primer or the target m Methods of Immobilizing Nucleic Acids to a 

molecule is immobilized to a solid phase. It is thus easier to Solid Phase 
perform, and more accurate than the method discussed by 

Cohen. Several of the above-described methods involve procc- 
Cheesman, P. (U.S. Pat. No. 5,302,509) describes a dures in which one or more of the nucleic acid reactants arc 
method for sequencing a single stranded DNA molecule immobilized to a solid support. Currently, 96-weU polysly- 
using fluorescently labeled 3'-blocked nucleotide triphos- rene plates are widely used m solid-phase immunoassays, 
phales. An apparatus for the separation, concentration and and several PCR product detection methods that use plates 
detection of a DNA molecule in a liquid sample has been as a solid support have been described. The most specific of 
recently described by Ritterband, et al. (PCT patent Appli- 2, these methods require the immobilization of a suitable 
cation No. W095/17676). oligonucleotide probe into the microtiter wells followed by 
An alternative approach, the "Oligonucleotide Ligation ^^e capture of the PCR product by hybridization and colo- 
Assay" ("OLA") (Landegren, U. et al. Science nmetric detection of a suitable hapten. It would be desirable 
241:1077-1080 (1988)) has also been described as capable have an improved immobilization method that could be 
of detecting single nucleotide polymorphisms. The OLA 30 ^« ^"^^ oligonucleotides to polystyrene such that their 
protocol uses two oligonucleotides which are designed to be ^^^^^'^y hybndization, sequencing, or poly- 
capable of hybridizing to abutting sequences of a single morphic analysis would be retamed, and which would be 
strand of a target. One of the oligonucleotides is rapid, convenient to use and inexpensive. The present inven- 
biotinylated, and the other is detectably labeled- If the ^lon provides such an unproved method, 
precise complementary sequence is found in a target 35 The means by which macromolecules bind non- 
molecule, the oligonucleotides will hybridize such that their covalently to polystyrene and glass surfaces is not well 
termini abut, and create a ligation substrate. Ligation then understood. Nevertheless, these adsorption phenomena have 
permits the labeled oligonucleotide to be recovered using proven to be important in the development and manufactur- 
avidin, or another biotin ligand. Nickerson, D. A. et al. have ing of immunoassays and other types of diagnostic tests 
described a nucleic acid detection assay that combines 4Q where one component needs to be immobilized, 
attributes of PCR and OLA (Nickerson, D. A. et al. Proc. Polystyrene is a very hydrophobic material because it 
Natl Acad. Sci. {U.SA) 87:8923-8927 (1990). In this normally contains no hydrophilic groups. Microtiter plate 
method, PCR is used to achieve the exponential amplifica- manufacturers have developed methods of introducing such 
tion of target DNA, which Ls then detected using OLA. In groups (hydroxyl, cart>oxylatc and others) onto the surface 
addition to requiring multiple, and separate, processing 45 of microwells to increase the hydrophilic nature of the 
steps, one problem associated with such combinations is that surface. Theoretically, this allows macromolecules to bind 
they inherit all of the problems associated with PCR and through a combination of hydrophobic and hydrophilic 
OLA. interactions (Baier et al., Science 162: 1360-1368 (1968); 

Recently, several primer-guided nucleotide incorporation Baier et al., J. Biomed, Mater. Res. 18: 335-355 (1984); 

procedures for assaying polymorphic sites in DNA have 50 Good et al., in L. H. Lee (ed.) Fundamentals of Adhesion^ 

been described (Komher, J. S, et al., Nucl Acids. Res. Plenum, New York, chapter 4 (1989)) (FIG. 1). In practice, 

17:7779-7784 (1989); Sokolov, B. P., NucL Acids Res. some proteins do bind more efficiently to the treated hydro- 

18:3671 (1990); Syvanen, A. -C, et al., Genomics philic polystyrene than to the untreated material. Covalent 

8:684-692 (1990); Kuppuswamy, M. N. et al., Proc. Natl. binding to polystyrene, especially microliter wells, has how- 

Acad. Sci. (U.SA.) 88:1143-1147 (1991); Prezant, T R. et 55 ever proven to be difficult, so passive adsorption remains the 

al. Hum. Mutat. 1:159-164 (1992); Ugozzoli, L. et al., most commonly used method of binding macromolecules to 

GATA 9:107-112 (1992); Nyr^n, P. et Anal. Biochem. such wells. The term "polystyrene" may also be used to 

208:171-175 (1993)). These methods differ from GBA*^" in describe styrene-containing copolymers such as: styrene/ 

that they all rely on the incorporation of labeled deoxynucle- divinyl benzene, styrene/butadiene, styreneMnyl benzyl 

otides to discriminate between bases at a polymorphic site. 60 chloride and others. 

In such a format, since the signal is proportional to the While polystyrene is an organic hydrophobic substrate, 

number of deoxynucleotides incorporated, polymorphisms glass provides an inorganic hydrophilic surface. The most 

that occur in runs of the same nucleotide can result in signals common glass format in immunoassays is the microscope 

that are proportional to the length of the run (Syvanen, A. sfide. Laboratory-grade glasses are predominantly com- 

-C, et 2\.,Amer. J. Hum. Genet. 52:46-59 (1993)). Such a 65 posed of SiOj, but they also may contain B2O3, AI2O3 as 

range of locus-specific signals could be more complex to well as other oxides (FIG. 2). Interfaces involving such 

interpret, especially for hcterozygotes, compared to the materials have thus become a dynamic area of chemistry in 
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which surfaces have been modified in order lo generate to the epoxy or mercapto-siJane, such arrays being useful for 

desired heterogeneous environments or to incorporate the nucleic acid hybridization assays, sequencing hybridization 

bulk properties of different phases into a uniform composite assays, genetic analyses, combinatorial analyses involving 

structure. Our purpose here then is to use organosilanes for nucleic acids or proteins, and other screening applications 

tailoring surfaces with chemically reactive groups mercapto 5 such as protein-DNA binding assays. The features of the 

(SH) and/or epoxy. coated surface enable standardized patterning of unique 

While numerous methods for the attachment of oligo- oligonucleotides onto silane surface coatings, 

nucleotides and proteins on surfaces have been described, ^I'he invention further pertains to simultaneous patterning 

the methods are both expensive and time consuming, ^fhe of multiple DNA probes in a high density and in a variety of 

reported covalent attachments of pre-made oligonucleotides ^'"■^^y formats. 

onto modified glass surfaces have been always using modi- rM-cr^oTnTrrxM rxir ttjc 

fied oUgonucleolides in order to increase reactivity and DETAILED DESCRIPTION OF THE 

selectivity of oligonucleotides towards surfaces. Typical INVENTION 

modifications involved the introduction of amino groups, or » ^ r . rxi i • a . 

thio groups into 3'- and/or 5'-oligonucleotides. For example, 15 L The Immobilization of Nucleic Acid Molecules 

Stimpson et al. {RNA.S. 92:6379-^383 (1995)) reported The present invention concerns a method for immobiliz- 

covalent attachment of 3'-amino oligonucleotides onto ing nucleic acid molecules onto a solid-phase. Recently, 

epoxy silanized surfaces with acid catalysis but with only several methods have been proposed as suitable for immo- 

i/io the density achieved in this invention. Beattie et al. {Clin. bilizing an oligonucleotide to a solid support. Holmstrom, 

Chem. 41:700-706 (1995)) reported attachment of 3'- and/or 20 k. et al., for example, exploit the affinity of biotin for avidin 

5'- amino oligonucleotides onto epoxy silanized surfaces and slreptavidin, and immobilize biotinylated nucleic acid 

under elevated temperature. Lamture et al. (iVwc/e/c Ac/ifc molecules to avidin/streptavidin coated supports 

Res. 22:2121-2125 (1994)) reported the methods for attach- (Holmstrom, K. et aUAnai Biochem. 209:278-283 (1993)). 

ing 3'-amino-oligonucleotides onto epoxy silanized slides Another method requires the precoating of the polystyrene 

under O.IM KOH. Hetero bifunctional cross-linkages have 25 ^^^^ g^j-^ phases with poly-L-Lys or poly L-Lys, Phe, 

been used to couple the 3' or 5'-thio-modified oligonucle- followed by the covalent attachment of either amino- or 

otides or ami no -modified onto amino-propyl silanized sur- sulfhydryl -modified oligonucleotides using bi-functional 

faces as reported by Chrisey et al. {Nucleic Acids Res. 24: crosslinking reagents. Unlike the present invention, both 

303103039 (1996)) and Guo et al. {Nucleic Acids Res. 22: methods require the use of modified oligonucleotides as well 

4556-5465 (1994)). All of these reported methods however, as a pretrealment of the solid phase; however, the present 

require modified oligonucleotides. invention discloses a method to covalently bond oligonucle- 

ITie present invention describes a novel method for otides with an "unmodified" 5' or 3' — OH to a solid surface, 

immobilizing nucleic acid molecules to a solid -phase by As used herein, the term "unmodified" refers to the absence 

means of a covalent ether or thioether linkage. This simple, of any requirement for specialized reactive groups. It does 

two-step method has the specificity and efficiency needed to "^^ not refer to the exclusion of nucleotides or oligonucleotides 

prepare DNA arrays. that have such groups, or that are biotinylated, 

flouresceinated, etc. 

SUMMARY OF THE INVENTION „ • c ♦ i ^ u u «• ^ • w u 

Kawai, S. et al. describes an alternative method in which 

The present invention provides an improved immobiliza- short oligonucleotide probes were ligated together to form 
tion method that permits the rapid, and inexpensive immo- multimers and these were ligated into a phagcmid vector 
bilization of nucleic acid molecules to a solid phase. The (Kawai, S. et z\.,Anal Biochem. 209:63-69 (1993)). The 
invention allows immobilization of oligonucleotides by oligonucleotides were immobilized onto polystyrene plates 
incubation with a silane-containing or silane-treated solid and fixed by UV irradiation at 254 nm. A method for the 
phase. The immobilized molecules can be used for nucleic direct covalent attachment of short, 5'-phosphorylated prim- 
acid hybridization assays, sequencing hybridization assays, ers to chemically modified polystyrene plates ("Covalink" 
genetic analyses, combinatorial analyses involving nucleic plates. Nunc) has also been proposed by Rasmussen, S. R. 
acids or proteins, and other screening applications such as et al., {Anal. Biochem. 198:138-142 (1991)). The covalent 
protein-DNA binding assays. bond between the modified oligonucleotide and the solid 

In detail, the invention provides a method for immobiliz- 50 phase surface is created by a condensation reaction with a 

ing a nucleic acid molecule to a solid phase, the method water-soluble carbodimide. The Rasmussen method claims a 

comprising the steps of: predominantly 5'-attachment of the oligonucleotides via 

(A) coating said solid phase with a silane and allowing their 5'-phosphates; however, it requires the use of specially 
said silane-coated solid phase to cure; and prepared, expensive plates. The method of the present inven- 

(B) coupling unmodified nucleic acid molecules having 55 ^P^^^ f"^^ °*^f*^°f ^"^^ 
either a terminal 3' OH or a terminal 5' OH to said ^^^^^'^^ ^^^^^1* manipulate crosslmking reagents, 
silane-coated solid phase. Maskos, U. et al. describes a method to synthesize oli- 

The invention particularly concerns the embodiments of gonucleotides directly onto a glass support (Maskos, U. et 

the above method wherein, in step A, the silane is selected al., Nucl. Acids Res. 20:1679-1684 (1992)). According to 

from the group consisting of 3-mercapto-propyl- 60 this method, a flexible linker with a primary hydroxyl group 

trimethoxysilane and 3-glycidoxy propyl-trimethoxysilane. bound to the solid support via a glycidoxypropyl silane. 

The invention further pertains to oligonucleotide coated wherein the primary hydroxyl group serves as the starting 

surfaces useful in genetic analysis and other screening Point for the oligonucleotide synthesis, 

applications such as protein-DNA binding assays. Numerous methods for the attachment of oligonucleotides 

The invention particularly concerns oligonucleotide 65 and proteins on surfaces have been described. The reported 

arrays comprising epoxy- or mercapto-silane coated sur- covalent attachments of premadc oligonucleotides onto 

faces and unmodified oligonucleotides covalently attached glass surfaces have been always using modified oligonucle- 
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Glides in order to increase reactivity and selectivity of method provides a new, elEcient and inexpensive method for 

oligonucleotides towards surfaces. Typical modifications DNA array preparation, and particularly for large scale DNA 

involved the introduction of amino groups, or thio groups array preparation. 

into 3'- and /or 5- amino modified oligonucleotides onto \q ihe preferred embodiment, this invention describes a 

epoxy surfaces. Slimpson et al. {P.N AS. 92:6379-6383 5 method for immobilizing nucleic acids on silane coated solid 

(1995)) discloses the generation of DNA chips for use in p^ase surfaces which is useful in genetic analysis and other 

automated DNA diagnostic applications. To this eflfecl, the screening applications such as protein-DNA binding assays. 

Stimpson article discloses the mimobUization of 3' ammo- invention pertains to oligonucleotide arrays comprising 

hnked oligonucleotides into an oi^amzed array on a glyci- ^^^^^ ^^^^^^ ^^^^^^ unmodified or modi- 

doxypropyl silane treated glass slide. oligonucleotides covalently attached to the silane coated 

Umture et al. (Nucleic Acids Res, 22:2121-2125 (1994)) ^^y^^ ^^^^^ ^^^^ ^^^^^ t)eing useful for genetic analyses 

describes the immobilization of 3' amino modified oligo- ^^d combinatorial analyses involving nucleic acids or pro- 

nucleotides to a 3-glycidoxypropyl.lnmcthoxysilane coated j^ins. The features of the coated surface enable standardized 

silicon wafer in the presence of O.IM KOH. The oUgonucle- patterning of unique oligunucleotides onto silane surface 

otidcs are covalently immobilized to the sohd support by J5 coatings 

means of a secondary am^^^^^ linkage Beattie et al. (Clin. ,^ ^^^ "^^^ ^^^^^ embodiment, the invention provides 

Chem. 41:700-706 (1995)) discloses the mimobdizaticn of ^^^^ ^^^^^^^ attachment of unmodified oligo- 

either 3' and/or 5 amino modified oligonucleotides to „^^i^„,yes onto mercapto-silanized surface or epoxy- 

3-glycidoxypropyltnmethoxysilane coated glass slides at a ^^^^^ ^^^^^^ ^^^^ ^^^^j ^^^y^ 

temperature of 60 C Additionally, several other references ease of preparation of unmodified oligonucleotides coupled 

generaUy related to the immobihzation of ohgonucleotides ^ j ,hio-ether (mercapto) Unkage 

J?^'^',';^--^ nn.?T^ " ' • '>^r f " . f n"'- attachments renders this method the most cost effective, with 

Itf^lf?/Jn!al^ ^""l "\ f" °f ■«> variation in terms of the quality of 

l^-^^i^ltf / on^-t^' c,^^ f - oligonucleotides, stability of attachment linkage and consis- 

l'f".'fn'.ii^P ; ^'^7'"'*^,'".^' i ^ t«-=y large scale batch to batch manufactures. 

^J^^-Jfy^^^y aU disclose the immobiLzaUon of a 5' Additionally, The hydrophobic property of silane surfaces 

or 3' modified oligonucleotide to a sohd-support. also allows simultaneous patterning of multiple DNA probes 

•nie method of the present invention provides three dK- ^ ^igh density and in a variety of array formats, 
tinct advantages over other covalent attachment chemistries Furthermore, a DNA array that is stable to high salt and 
for oUgonucleotide array preparauon. First, while the above- 30 denaturing conditions such as DMF, urea and elevated 
identified prior art references require that the oligonucle- temperatures, has wide uses in miniaturized biotechniques 
otide be either amino or thiol modified, the present invention 5^^.^ ^ genetic testing, sequencing by hybridization and 
discloses a method to covalently bond oligonucleotides with combinatory selection of DNA binding molecules, 
an "unmodified" 5' or 3' -OH to a sohd surfacc^TTie present attachment of the present invention can be 
invention thus differs from conventional methods for the 35 distinguished from other means of attachment, such as van 
covalent attachment of ohgonucleotides to sohd phases m ^3^,^ interaction and ion-ion interactions. Thus, unlike 
that It permiUi the covalent attachment of unmodified attachment means, the covalently immobilized oUgo- 
oligonucleotides. Accordingly, the present invention pro- nucleotide will not be released from the solid-phase during 
vides several significant improvements over the pnor art. n ,„bsequent wash steps. The covalent attachment generally 
particular, the present mvention provides a low-cost stable 40 p^^ides more stable binding than noncovalcnt attachment 
method for the covalent attachment of unmodified oligo- jj^^^^ ^j^^^,^^ temperamres and upon other chemical treat- 
nucleotides to a silamzcd solid-phase wherein the covalently , • . n u ts r • u - u - i 
, , . . . i ment; thus, giving more ilexibility lor use in biochemical 
bound ohgonucleotides have wide uses in genetic and com- nrncesses 
binalorial analysis involving nucleic acids or proteins. Cova- 
lent attachment of ohgonucleotides onto solid phase surfaces 45 H. The Immobilization of Nucleic Acid Molecules 
is therefore achieved without modification of Using Epoxy Chemistry 
oligonucleotides, thereby dramatically reducing the cost and in a preferred embodiment of the present invention, a 
eliminating the variation in quality of modified oligonucle- selective, highly efficient method is provided which employs 

an epoxy-based attachment chemistry to covalently attach 

Second, the silanized surface of the present method pro- 50 nucleic acid molecules in an end selective manner to a 

vides a very hydrophobic surface which allows oligonucle- solid -phase. Oligonucleotides have two free hydro xyl 

otide probe droplets to form at specific and localized posi- groups at the 5'- and 3'- ends which allow oligonucleotides 

tions on the sohd surface. Thus, for example, multiple to undergo chemical and/or enzymatic elongation, ligation 

probes can be patterned simultaneously on the surface using, and circularization. The diflferences in steric hindrances 

for example, a robotic liquid delivery system or an ink-jet 55 between these two end hydroxyl groups have enabled 

printing technique with no cross contamination between 5'-selective esterification, 5'-selective tritylation and 

probes, even al a high probe density (10,000 probes/cm^). 5'-seIective oxidation in controlled conditions. Unmodified 

Accordingly, the process can be easily automated and oligonucleotides for attachment to solid phases under certain 

scaled-up using an off-the-shelf robot or ink-jet printing controlled conditions thus have the potential for the 5'— OH 

instrument. Standard covalent attachment chemistries eo to react preferentially over the 3' — OH towards epoxy 

require the use of photolithographic and laser patterning activated surfaces. End-selective attachment is achieved in 

techniques which require multiple masking and lifting steps epoxy chemistry by taking advantage of differences in steric 

for high density DNA array preparation, hindrance between the 5' and 3' end of the oligonucleotide. 

Third, unlike traditional techniques, the present method Accordingly, one could block either terminus (via 

does not require the use of expensive crosslinking agents. 65 phosphorylation, etc.) and therefore obtain a directionally 

These crossl inking agents are difficult to use because of their oriented attachment between the solid phase and the 

sensitivity to air and humidity. Therefore, the present unblocked terminus. 
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The covalenl bond described in the epoxy-based preferred 
embodiment of the present invention is a covalent ether 
linkage. End selective attachment ensures thai the full 
sequence of the immobilized oligonucleotide is accessible 
for any desired biochemical reaction. Since there is no need 
for any modification of oligonucleotides, this embodiment 
dramatically reduces the cost and variation in terms of the 
quality of oligonucleotides, 'llie epoxy-based attachment 
chemistry allows attachment of all forms of DNA including 
per products or genomic DNA to the silanized surface. 
Furthermore, in the case of epoxy-based attachment 
chemistry, the chemical bonds between the silane layer and 
oligonucleotides are covalent ether linkages, which are 
stable to heat, high salt, and elevated temperatures. 

III. The Immobilization of Nucleic Acid Molecules 
Using Mercapto Chemistry 

The present invention describes in another preferred 
embodiment a random, highly cfiEcient method which 
employs a mercapto-based attachment chemistry to 
covalently attach nucleic acid molecules in a non-specific 
manner to a solid-phase. The covalent bond described in this 
second preferred embodiment of the present invention is a 
covalent thioether linkage. Because this embodiment relies 
on non-specific binding, the full sequence of the immobi- 
lized oligonucleotide may not be accessible for all desired 
biochemical reactions. Since the mercapto group is very 
reactive in terms of radical reactions and easily deionized 
under lower pH (pH 9), this allows a variety of reactions to 
occur with nucleic acids. Heterocyclic purines (electron rich 
system stabilizing radicals, particularly at position 7 of 
purines) and pyrimidines (electron deficient, a nucleophile 
acceptor) in oligonucleotides are good acceptors for either 
nucleophilic attack or radical reactions. In mercapto chem- 
istry the highly reactive mercapto groups allow mild con- 
ditions for attachment. The resulting array can undergo a 
variety of biochemical reactions and allows hybridization 
with high efficiency. The mercapto-based attachment chem- 
istry allows attachment of all forms of DNA including per 
products or genomic DNA to the silanized surface. 
Furthermore, in the case of mercapto-based attachment 
chemistry, the chemical bonds between the silane layer and 
oligonucleotides are covalent thioether linkages, which are 
stable to heat, high salt, and elevated temperatures. 

The unmodified nucleic acid molecules, described in the 
present invention, may be either genomic DNA (i.e., DNA 
containing a non-translated region), cDNA (i.e., DNA lack- 
ing non-translated regions) or RNA; the nucleic acid mol- 
ecule may also be either single or double stranded. While 
any unmodified nucleic acid molecule may be immobilized 
using the present invention, the preferred nucleic acid mol- 
ecule of the present invention is an unmodified single - 
stranded synthetic oligonucleotide. The method for making 
a synthetic oligonucleotide has been previously described by 
Gait, M. J, {Oligonucleotide Synthesis A Practical 
Approach, IRL Press Ltd., Oxford (1984)) and Sinha, N. D. 
cl al. (NucL Acids Res. 12:4539-^557 (1984)) (herein incor- 
porated by reference). 

Synthesis of unmodified oligonucleotides of about 10 to 
about 250 nucleotides in length may be performed on an ABI 
392 DNA/RNA synthesizer according to phosphoramidite 
chemistry. 

After synthesis, the unmodified oligonucleotides can be 
purified (for example, using an HPLC column) to separate 
the full-length oligonucleotides from any contaminating 
prematurely terminated (i.e., shortened) oligonucleotides. 
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Prior to use in the coupling reaction, the oligonucleotides are 
concentrated, and, if desired, the molar concentration of the 
oligonucleotides can be determined. 

Although any of a variety of glass or plastic solid supports 
can be used in accordance with the methods of the present 
invention, glass is the preferred support. The support can be 
fashioned as a bead, dipstick, test tube, pin column, etc. 
However, an especially preferred support is a glass slide. 
Alternatively, the solid support can be a form of polystyrene 
plastic (e.g., 96-weU microtiter plate, etc.). 

Many different mercaptosilane compounds such as 
3-mercapto-propyltrimethoxy-silane, 
3-mercaptopropyltriethoxysilane, (mercapto-methyl) 
dimelhoxysilane and (mercaptoethyl)ethyldimethoxysilane, 
etc. can be used in the present invention for coating the solid 
support with sulfhydryl groups. The general formula for a 
mercaptosilane that can be used in this invention is: 

HS(CH2)n— SiXa 

wherein X is a hydrolyzable group such as alkoxy, acyioxy, 
amine or halide, etc. All of the mercaptosilanes mentioned 
above are commercially available from United Chemical, 
Inc. or Aldrich Chemical Company, Inc. 

The silane can be coated onto the solid-phase by any of a 
number of means. For example, the mercaptosilane can be 
deposited onto the solid surface as an aerosol or a vapor. 
Alternatively, the silane can be spread onto the solid -surface 
by mechanical means (e.g., a spreader bar, a saturated cloth, 
etc.). 

An important feature of the present invention is the 
hydrophobic nature of silanes. Because of this feature, it is 
possible for an aqueous solution to form extremely well 
defined beads on the surface of any solid support coated with 
mercaptosilane. With an automated delivery system, such as 
a Hamilton robot or ink-jet printing method, it is possible to 
form a very complex array of oligonucleotide probes on a 
mercaptosilane coated glass slide. Such methods can deliver 
nano to pico-liter size droplets with sub -millimeter spacing. 
Because the aqueous beads are extremely well defined, it is 
possible to create an array with an extremely high density of 
oligonucleotide probes. Thus, it is possible to create arrays 
having greater than about 10,000 probe droplets/cm^. 

IV. The Use of Immobilized Nucleic Acid 
Molecules 

Immobilized nucleic acid molecules, and more preferably, 
immobilized oligonucleotides, make an ideal diagnostic 
tool. Specifically, their versatility and simplicity make them 
ideal diagnostic tools for the detection of infectious and 
genetic diseases, mutation analysis, etc. 

Although the manner in which the nucleic acid molecules 
are immobilized to the solid support can be random, one of 
the preferred embodiments of the invention is to arrange the 
nucleic acid molecules into an ordered array. As used herein, 
an array is an orderly arrangement of nucleic acid molecules, 
as in a matrix of rows and columns. The chemistry of the 
present invention is such that an individual array can contain 
either a finite or an infinite number of unique immobilized 
nucleic acid molecules. 

There are two preferred methods to make a nucleic acid 
array: one is to synthesize the specific oligonucleotide 
sequences directly onto the solid-phase in the desired pattern 
(Southern, et al., NucL Acids Res. 22:1368-1373 (1994); 
Maskos, et al, NucL Acids Res. 20:1679-1684 (1992); and 
Pease, et al., Proc. NatL Aced. ScL 91:5022-5026 (1994); all 
of which are herein incorporated by reference) and the other 
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is lo pre-synthesize the oligonucleotides on an automated 
DNA synthesizer (such as an ABI 392 and then attach the 
oligonucleotides onto the solid-phase at specific locations 
(Lamture, et aL, Nuci Acids Res. 22:2121-2125 (1994) and 
(Smith, et al, Nucl Acids Res. 22:5456-5465 (1994) both 
herein are incorporated by reference). In the first method, the 
efficiency of the coupling step of each base will affect the 
quality and integrity of the nucleic acid molecule array. This 
method generally yields a large percentage of undesired 
incomplete (shortened) sequences which can create prob- 
lems in the analysis step and effect the integrity of the 
analysis. Thus, the quality and integrity of an array synthe- 
sized according to the first method is inversely proportional 
to the length of the nucleic acid molecule. Specifically, the 
synthesis of longer oligonucleotides results in a higher 
percentage of incomplete, shortened sequences. 

A second, more preferred, method for nucleic acid array 
synthesis utilizes an automated DNA synthesizer for DNA 
synthesis. The controlled chemistry of an automated DNA 
synthesizer allows for the synthesis of longer, higher quality 
DNA molecules than is possible with the first method. Also, 
the nucleic acid molecules synthesized according to the 
second method can be purified prior to the coupling step. 
Therefore, the quality of the nucleic acid molecule array can 
be expected to be much higher than the quality of the nucleic 
acid array of the first method. However, a simple, effective 
and specific oligonucleotide coupling chemistry is lacking 
for the attachment of presynthesized oligonucleotides. The 
present invention describes a simple, effective and efficient 
method for coupling a pre-synthesizcd unmodified oligo- 
nucleotide onto a sohd-phase by means of either an ether or 
thioether covalenl linkage. 
A. Hybridization Detection Of PGR Products 
Thus, for example, covalently immobilized nucleic acid 
molecules may be used lo delect specific PGR products by 
hybridization where the capture probe is immobilized on the 
solid phase (Ranki et al, Gene 21: 77-^5 (1983); Keller ct 
al., J. Clin. Microbiol. 29: 638-641 (1991); Urdea et al, 
Gene 61: 253-264 (1987), A preferred method would be to 
prepare a single-stranded PGR product before hybridization. 
A sample, suspected to contain the target molecule, or an 
amplification product thereof, would then be exposed lo the 
solid-surface and permitted to hybridize to the bound oli- 
gonucleotide. 

The methods of the present invention do not require that 
the target nucleic acid contain only one of its natural two 
strands. Thus, the methods of the present invention may be 
practiced on either double-stranded DNA, or on single- 
stranded DNA obtained by, for example, alkali treatment of 
native DNA. The presence of the unused (non-template) 
strand does not affect the reaction. 

Where desired, however, any of a variety of methods can 
be used to eliminate one of the two natural stands of the 
target DNA molecule from the reaction. Single-stranded 
DNA molecules may be produced using the single-stranded 
DNA bacteriophage M13 (Messing, J. et al., Meth. Enzymol. 
101:20 (1983); see also, Sambrook, J., et al. (In: Molecular 
Cloning: A Laboratory Manual, Gold Spring Harbor Labo- 
ratory Press, Gold Spring Harbor, N.Y. (1989)). 

Several alternative methods can be used to generate 
single-stranded DNA molecules. Gyllenslen, U. et al., {Proc. 
Natl Acad. Sci. {U.S.A.) 85:7652-7656 (1988) and 
Mihovilovic, M. et al., (BioTechniques 7: 14 (1989)) describe 
a method, termed "asymmetric PGR," in which the standard 
"PGR" method is conducted using primers that arc present 
in different molar concentrations. Higuchi, R. G. ct al. 
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(Nucleic Acids Res. 17:5865 (1985)) exemphfies an addi- 
tional method for generating single -stranded amplification 
products. The method entails phosphorylating the 
5'-terminus of one strand of a double-stranded amplification 
5 product, and then permitting a 5'-*3' exo nuclease (such as 
T7 gene exonuclease) to preferentially degrade the phos- 
phorylated strand. 

Other methods have also exploited the nuclease resistant 
properties of phosphorothioate derivatives in order to gen- 
10 erate single -stranded DNA molecules (Benkovic et al, U.S. 
Pat. No. 4,521,509; Jun. 4, 1985); Sayers, J. R. et al. (Nucl. 
Acids Res. 16:791^02 (1988); Eckstein, F. et al.. Biochem- 
istry 15:1685-1691 (1976); Ott, J. ct aL, Biochemistry 
26:8237-8241 (1987)). 

Most preferably, such single-stranded molecules will be 
produced using the methods described by Nikiforov, T. 
(commonly assigned U.S. Pat. No. 5,518,900, herein incor- 
porated by reference). In brief, these methods employ 
nuclease resistant nucleotide derivatives, and incorporate 
2° such derivatives, by chemical synthesis or enzymatic means, 
into primer molecules, or their extension products, in place 
of naturally occurring nucleotides. 

Suitable nucleotide derivatives include derivatives in 
which one or two of the non-bridging oxygen molecules of 
the phosphate moiety of a nucleotide has been replaced with 
a sulfur-containing group (especially a phosphorothioate), 
an alkyl group (especially a methyl or ethyl alkyl group), a 
nitrogen-containing group (especially an amine), and/or a 
selenium-containing group, etc. Phosphorothioate deoxyri- 
bonucleotide or ribonucleotide derivatives are the most 
preferred nucleotide derivatives. Methods of producing and 
using such phosphorothioate derivatives are disclosed by 
Nikiforov, T (U.S. Pat. No. 5,518,900). 

B. Solid Phase DNA Sequencing 

The methods of the present invention may also be used in 
the practice of solid-phase sequencing as described by 
Khrapko, K. R. ct al. (DNA Seq., 1:375-388 (1991) and 
Drmanac, R. and Crkvenjakov, R., Int. T. Genome Res., 1: 
4Q 1-11 (1992)), both herein are incorporated by reference. 

C. GBA'f" Genetic Bit Analysis 

The methods of the present invention may also be used to 
immobilize the oligonucleotides that are used in the GBA''" 
Genetic Bit Analysis (Goelet, P et al., PGT Application No. 

45 92/15712), herein incorporated by reference. GBA"^" 
Genetic Bit Analysis a solid-phase method for the typing of 
single-nucleotidc polymorphisms. Ohgonucleotidcs having 
a defined sequence complementary to a region that lies 
immediately proximal or distal to the variable nucleotide of 

50 a polymorphism would thus be provided to a polystyrene 
microliter well or glass plate, and incubated with a salt, in 
accordance with the above-described methods. 

UTie immobilized primer is then incubated in the presence 
of a DNA molecule (preferably a genomic DNA molecule) 

55 having a single nucleotide polymorphism whose immedi- 
ately 3'-dislal sequence is complementary to that of the 
immobilized primer. Preferably, such incubation occurs in 
the complete absence of any dNTP (i.e. dATP, dGTP, dGTP, 
or dTTP), but only in the presence of one or more chain 

60 terminating nucleotide derivatives (such as a dideoxynucle- 
otide derivative), and under conditions sufficient to permit 
the incorporation of such a derivative onto the 3'-terminus of 
the primer. As will be appreciated, where the polymorphic 
site is such that only two or three alleles exist (such that only 

65 two or three species of ddNTPs, respectively, could be 
incorporated into the primer extension product), the pres- 
ence of unusable nucleotide lriphosphate(s) in the reaction is 
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immalerial. In consequence of the incubation, and the use of 
only chain terminating nucleotide derivatives, a single 
dideoxynucleotide is added to the 3'-lerminus of the primer. 
The identity of that added nucleotide is determined by, and 
is complementary to, the nucleotide of the polymorphic site 
of the polymorphism. 

Using the method described in the present patent 
application, oligonucleotide primers can be immobilized on 
solid phases like polystyrene or glass, hybridized to PCR- 
derived, single -stranded templates, and subjected to enzy- 
matic extension at their 3*-ends by a single, labeled ddNTP. 
The nature of the incorporated ddNTP is dctcnnined by the 
nucleotide that is located in the opposite strand (the poly- 
morphic nucleotide). This assay can be conveniently carried 
out both in polystyrene ELISA plates, or on glass slides. 

In this embodiment, the nucleotide of the polymorphic 
site is thus determined by assaying which of the set of 
labeled nucleotides has been incorporated onto the 
3'-terminus of the bound oligonucleotide by a primer- 
dependent polymerase. Most preferably, where midtiple 
dideoxynucleotide derivatives are simultaneously 
employed, different labels will be used to permit the differ- 
ential determination of the identity of the incorporated 
dideoxynucleotide derivative. 

D. Ligase-Mediated GBA™ 

The methods and reagents of the present invention can 
also be used in concert with a polymerase/ligase mediated 
polymorphic interrogation assay. This assay, termed ligase- 
mediated GBA*^" genetic bit analysis, Ls a more specific 
version of the GBA™ genetic bit analysis assay. The addi- 
tional specificity arises from the addition of a second hybrid- 
ization step and a ligation step. 

In this assay, two oligonucleotides are employed, llie first 



2-deoxynucIeotide 5'-lriphosphate. In an alternative sub- 
embodiment, the 2'-deoxynucleotide 5'-triphosphates are 
unlabeled, and the soluble oligonucleotide is labeled. In this 
embodiment, the primer that is extended is immobilized on 
5 the polystyrene. Separate reactions are conducted, each 
using a different unlabeled 2'-dcoxynucleotidc 
5-triphosphate. 

While the invention has been described in connection 
with specific embodiments thereof, it will be understood that 
it is capable of further modifications and this application is 
intended to cover any variations, uses, or adaptations of the 
invention following, in general, the principles of the inven- 
tion and including such departures from the present disclo- 
sure as come within known or customary practice within the 
■^^ art to which the invention pertains and as may be applied to 
the essential features herein before set forth and as follows 
in the scope of the appended claims. 

Having now generally described the invention, the same 
20 will be more readily understood through reference to the 
following examples which are provided by way of 
illustration, and are not intended to be limiting of the present 
invention unless specified. All patents, patent applications 
and publications mentioned herein are incorporated by ref- 
erence in their entirety. 
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EXAMPLE 1 
EPOXY-BASED CHEMISTRY 

Attachment was obtained by a two-step process of silane 
treatment and oligonucleotide binding. Glass slides were 
etched in 25% aqueous ammonium hydroxide, rinsed in 
milliQ water, then in 95% ethanol. They were treated for 



oligonucleotide is a primer that is complementary to the 35 about 30 minutes in 3-glycidoxy propyl ethanol (95% 



immediately 3'-distal invariant sequence of the polymor- 
phism. The 3' -end of the oligonucleotide is attached to the 
plate. A second linker oligonucleotide is complementary to 
the 5'-proximal sequence of the polymorphism being 
analyzed, but is incapable of hybridizing to the first oligo- 4Q 
nucleotide. The second linker oligonucleotide is phospho- 
rylated at both its 3' and 5' ends. 

These oligonucleotides are incubated in the presence of 
DNA containing the single nucleotide polymorphism that is 
to be analyzed, and at least one 2'-deoxynucleotide 45 
5'-triphosphate. The incubation reaction further includes a 
DNA polymerase and a DNA ligase. The tethered and 
soluble oligonucleotides are thus capable of hybridizing to 
the same strand of the target molecule under analysis. The 
sequence considerations cause the two oligonucleotides to 50 
hybridize to the proximal and distal sequences of the single 
nucleotide polymorphism (SNP) that flank the variable 
nucleotide of the polymorphism, and to be separated by a 
single nucleotide at the precise position of the variability. 

The presence of a polymerase and the 2'-deoxynucleotide 55 
5'-triphosphate complementary to the nucleotide present in 
the variable site of the polymorphism permits the extended 
primer to be ligated to the bound oligonucleotide, thereby 
immobilizing the primer. The identity of the polymorphic 

site that was opposite the single nucleotide can then be 60 hydroxyl groups during automated DNA synthesis. ITie 
determined by any of several means. In a preferred attachment for each type of oligonucleotides was quantified 
embodiment, the 2'-deoxynucleotide 5'-triphosphate of the by phosphor image analysis and then the ratio of end 
reaction is labeled, and its detection thus reveals the identity selectivity was determined. The 5'-end selective attachment 
of the complementary nucleotide of the polymorphic site. of unmodified oligonucleotides to epoxy silanized surfaces 
Several different 2'-deoxynucleotide 5'-triphosphates may 65 was demonstrated with a selectivity ratio of at least 5:1. 
be present, each differentially labeled. Alternatively, scpa- Attachment through heterocyclic aminos was minimal in 
rate reactions can be conducted, each with a different certain conditions tested (Table 1). 



ethanol, pH 4.5). Slides were cured at 65° C. for at least 12 
hours. 2.5-10 uM cone, of oligonucleotides in an alkaline 
solution (12.5 mm NaOH or KOH) were applied onto cured 
slides in any desired array formats, in a covered chamber 
overnight, after which they were stored in water or a covered 
chamber for later use. Afunctional test with hybridization 
and enzymatic reactions gave the desired signal with 400>1 
signal to noise ratio by ELF indirect detection reading and 
radioisotope quantitation (FIG. 1). FIG. 1 shows the results 
of GBA functional assay of epoxy-based attachment chem- 
istry. The 25-mer primer with (T)10 spacer arm at 5' was 
used for attachment. Standard GBA conditions were used in 
terms of nucleoside triphosphate concentration and enzyme 
concentration and reaction conditions. Synthetic template 1 
was designed to give an "A" signal and synthetic template 
2 was designed to give a "T" signal. Single base extension 
(GBA signal) was obtained only with appropriate template, 
by using ELF indirect detection and also by CCD camera 
imaging. The signal to noise ratio (S/N) was greater than 
400:1. 

Additionally, an attachment experiment was designed 
with the following end-blocked oligonucleotides 5'-end 
blocked, 3'-end blocked, or both end blocked. The end 
blocks were achieved by phosphorylation of the end 
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Oligo coQc. used for att. (uM) 


10 


5 


2.5 


1.25 


5 -att. (inci, middIe)pmolc/7mm2 


1.0 


1.6 


1.4 


0.9 


3'-atl. (incl. 


0.143 


0.29 


0.42 


0.48 


middlc)pmolc5/7min2 










middle att. pmolc/7mm2 


0.13 


0.09 


0.35 


0.235 


5'-alt./3-att.(after sub middle) 


87 


7.55 


15 


21 


5'-att./middlc att. 


6.7 


16 


3 


2.8 


3'att7middle att. 


0.077 


2.2 


0.2 


1.04 


3'-& 5-att./middle att. 


6.8 


19 


3.2 


3.8 



Table 1 shows the end selective attachment of 
un -modified oligonucleotides by epoxy-based chemistry. 
Attachment was performed on an epoxy silanized slide with 
various concentrations of oligonucleotides in 12.5 mM 
NaOH for overnight and washed sequentially with TOIW 
and 50 mM NaOH. 5'-att refers to the attachment reading of 
3'-phosphorylated oligonucleotides; 3'-att refers to the 
attachment reading of 5'-phosphorylated oligonucleotides. 
Middle att refers to the heterocyclic amino attachment 
reading of both 3'- and 5'-end blocked oligonucleotides. The 
^^p isotopes images were analyzed on phosphor image 
quanta software. Attachment at a concentration of 10 uM 
gave the best selectivity ratio of 87:1 of 5'-end vs. 3'-end 
attachment. Attachment at concentration of 5 uM gave the 
best end selectivity ratio of 19:1 of 3'-plus 5'-vs. middle 
attachment. These results were based on one slide only, 
however, a number of slides expressed a trend of optimum 
concentration at 2.5-5 uM for 5'-end selective attachment. In 
addition, epoxy-silanized surfaces arc air-, moisture-, and 
heat-stable and showed no nonspecific binding to proteins 
and oligonucleotides under conditions tested. In summary, 
5'-end selective attachment of oligonucleotides was demon- 
strated without modification of oligonucleotides. 

EXAMPLE 2 

MERCAPTO-BASED CHEMISTRY 

Attachment was obtained by a two-step process of silane 
treatment and oligonucleotide binding. Glass slides were 
etched in 25% aqueous ammonium hydroxide, rinsed in 
milliQ water, then in 95% ethanoL They were treated for 
about 30 minutes in 3-mercapto-propyl-trimethoxysilane 
(MPTS). Slides were cured for at least 24 hours under dry 
inert gas (Ar or N2). 2.5-10 uM cone, of oligonucleotides in 
an alkaline solution were applied onto cured slides in any 
desired array formats, in a covered chamber for an 
overnight, after which they were stored in water or a covered 
chamber for later use. A functional test with hybridization 
and enzymatic reactions gave the desired signal (FIG. 2). 
FIG. 2 shows the results of mercapto-based attachment 
chemistry and functional assay by hybridization and GBA. 
The data was based on phosphor imaging quanta analysis. 
The X axis represents the input concentration of oligonucle- 
otides used for attachment from 0.3125 uM to 40 uM. Oligo 
attached is represented by the triangle (pmole/7 mm^), the 
diamond represents hybridization and the square represents 
GBA signals (ddATP extension). ^^P labeled oligonucle- 
otides were used for determining the attachment density. The 
^^P 5'-template was used for assessing the hybridization 
efficiency. The GBA efficiency was determined by incorpo- 
ration of ^^P-ddATP with exo-klenow DNA polymerase 
without the presence of other cold dideoxynucleotides. llie 
GBA elEciency and hybridization reached saturation at the 
attachment input of 10 uM. 

Additionally, experiments were performed for attachment 
of dyc-labclcd nucleotides to mercapto propyl silanized 
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slides which showed stronger signals for A and G and 
weaker signals for C and T, which favors the hypothesis that 
radical mechanisms are more involved than nucleophilic 
attacks. The attachment of ^^P labeled oligonucleotides and 
fluorescein labeled oligonucleotides was demonstrated and 
quantified (FIG. 2). The attachment results achieved in terms 
of attachment density, hybridization and genetic bit analysis 
efiSciency were compatible with epoxy chemistry and chem- 
istries reported by others. 

EXAMPLE 3 

THE RELAHONSHIP BETWEEN PRIMER 
DENSITY AND HYBRIDIZATION EFRCIENCY 

Hybridization efficiency is positively related to the sur- 
face density of the attached primer. In this study, increasing 
amounts of the BRACl primer 5' (T)jo, TCATTA ATG CTA 
TGC AGA AAA TCT TAG (SEQ ID No. 1) are covalently 
attached to a solid surface according to the methods 
described above. Table 2 shows the results for epoxy-based 
attachment vs. hybridization efficiency. The data was based 
on phosphor imaging quanta analysis. 3'-phosphorylated 
oligonucleotides were used for attachment and 
5'-phosphorylated templates were used for hybridiation. A 
low surface coverage would presumably yield a correspond- 
ing low hybridization signal. Conversely, high surface den- 
sities might result in steric interference between the 
covalently immobilized oligonucleotides thereby impeding 
access to target DNA. The results indicated that with higher 
coverage up to 1.78 pmoles/7 mm^, a higher hybridization 
efficiency was obtained. Increased primer density is associ- 
ated with increased hybridization efficiency. Accordingly, 
hybridization cfiEciency is affected by the stabihty of the 
primer attachment. 



TABLE 2 


cone. for att. 


covalcnt att 


Hybridization 


40 uM 


0.19 


0.1 + 0.015 


20 


0.42 


0.14 + 0.00 


5 


1.78 


0.58 + 0.005 


2.5 


1.61 


0.43 + 0.03 


1,25 


0.98 


0.29 + 0.05 


0.625 


0.42 


0.17 + 0.01 



EXAMPLE 4 
GENETIC BIT ANALYSIS COMPATIBILITY 

50 A GBA primer having a poly-T^o residue long spacer arm 
is attached to the glass surface by means of the previously 
described epoxy-based chemistry or mercapto-based chem- 
istry. Standard GBA biochemistry is used to analyze two 
synthetic templates. Each synthetic template is hybridized to 

55 GBA primer immobilized to the treated glass slide and 
treated with an extension mix containing all of the extension 
reaction components, exonuclease-free Klenow fragment of 
the E. coli polymerase and each of four fluorescein-labeled 
ddNTP's and co-ddNTP*s or ^^^P-ddATP. The signal was 

60 recorded by enzyme -mediated fluorescence using a Cytof- 
lour II fluorescent plate reader (FIG. 1) or phosphor image 
quanta analysis. FIG, 1 shows the results of GBA functional 
assay of epoxy-based attachment chemistry. The 27-mer 
primer with (T)10 spacer arm at 5' was used for attachment 

65 (SEQ ID No. 1). Standard GBA conditions were used in 
terms of nucleoside triphosphate concentration and enzyme 
concentration and reaction conditions. Synthetic template 1 
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5' ACA CTC TAA GAT TTT CTG CAT AGC ATT AAT 
(SEQ ID No. 2) was designed to give an "A" signal and 
synthetic template 2 5' GGA CAC TAA GATTTT CGT CAT 
AGC ATT AAT (SEQ ID No. 3) was designed to give a "T" 
signal. Single base extension (GBA signal) was obtained 
only with the appropriate template, by using ELF indirect 
detection and also by CCD camera imaging, llie signal to 
noise ratio (S/N) was greater than 400:1. 

DNA Samples. Genomic DNA was isolated using the 
SDS/Proteinase K procedure (Maniatis, T Molecular 
Cloning, A Laboratory Manual, Cold Spring Harbor Labo- 
ratory Press, Cold Spring Harbor (1989)) from peripheral 
blood nucleated cells of humans or horses enriched from red 
blood cells by selective lysis accomplished by diluting blood 
with a three fold volume excess of ACK lysing buffer 
(0.15M ammonium chloride, 1 mM potassium bicarbonate, 
0.1 mM EDTA). Oligonucleotides were prepared by solid- 
phase phosphoramidite chemistry using an Applied 
Biosystems, Inc. Model 391 automated DNA synthesizer 
(Foster City, Calif.). In the case of primers used in Genetic 
Bit Analysis (GBA) reactions, detritylation was not per- 
formed following the final cycle of synthesis and the full- 
length oligonucleotide was purified using the Applied Bio- 
systems oligonucleotide purification cartridge (OPC) as 
recommended by the manufacturer. For most PCR reactions, 
primers were used directly by drying down the de-protection 
reaction. 

Table 3 depicts the results of an experiment employing a 
synthetic template 15' ACA CTC TAA GAT TTT CTG CAT 
AGC ATT ATT (SEQ ID No. 2)(designed to give a GBA 
signal in base A) and a synthetic template 2, 5' GGA CAC 
I'AA GAI^ TIT CGT CAT AGC AIT AAl^ (SEQ ID No. 3) 
(designed to give a signal in base 'V). ITie primer used was 
(T)io TCA TTA ATG CTA TGC AGA AAA TCT TAG (SEQ 
ID No. 1). Both signals give strong signals in the expected 
bases with virtually no noise observed in the other bases (the 
Signal to Noise Ratio ranged from 520:1 to 600:1). 

TABLE 3 



Fluorescent Counts 



Nucleotide Inserted Template 1 Template 2 



A -600 1 

C ND ND 

G NTD ND 

T 1 -520 



EXAMPLE 5 

PREPARATION OF AN OLIGONUCLEOTIDE 
ARRAY BY INK-JET PRINTING 

Another method for the automated delivery of the oligo- 
nucleotide solution employs an ink-jet printing technique 
performed by MicroFab (MicroFab Technologies, Inc., 
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Piano, Tex.). In one experiment, four different spot spacings 
(center to center) and eight different droplet sizes are tested 
on the mercaptosilane coated surface using an oligonucle- 
otide labeled at the 3'-terminus with fluorescein. The format 
of the slides, depicted in Table 4, are as follows: 



TABLE 4 



15 



Slide 
No. 


Spot 


fRow 


Row 
Soacine » 


6 mm) 


Spacing 


Row 1 


Row 2 


Row 3 


Slide 1 


1 mm 


5 nl 


10 nl 


25 nl 


Slide 2 


0.5 mm 


1 nl 


2 nl 


5 n! 


Slide 3 


250 /an 


250 pi 


500 pi 


1 n! 


Slide 4 


125 fan 


125 pi 


250 pi 


N/A 



The labeled oligonucleotides are detected using a Molecular 
20 Dynamic Fluorlmager 595. The ink-jet printing technique is 
a suitable method for the manufacture of oligonucleotide 
arrays with sub-millimeter spacing and nano to pico- liter 
droplet sizes. As such, the ink-jet printing technique is 
suitable for large scale manufacture of oligo arrays. 

EXAMPLE 6 



PREPARATION OF AND OUGONUCLEOTIDE 
ARRAY WITH AN AUTOMATIC PIPEHNG 
ROBOT 

35 

A Hamilton 2200 automated pipeting robot is used to 
make arrays of oligonucleotide drops, ranging in size from 
about 100 nl to about 250 nl, with 1 mm spacing between 
dots. The small volumes of oligonucleotide solution used 
40 with the automated pipeting robot allows for rapid drying of 
the oligonucleotide drops. As in the ink-jet printing method, 
a Hamilton robot can be programmed to deliver nano to 
pico-liter size droplets with sub-millimeter spacing. 

45 

While the invention has been described in connection 
with specific embodiments thereof, it will be understood that 
it is capable of further modifications and this application is 
intended to cover any variations, uses, or adaptations of the 
invention following, in general, the principles of the inven- 
tion and including such departures from the present disclo- 
sure as come within known or customary practice within the 
art to which the invention pertains and as may be applied to 
the essential features herein before set forth and as follows 
in the scope of the appended claims. 



SEQUENCE LISTING 



(1) GENERAL INFORMATION! 

(iii) NUMBER OF SEQUENCES: 3 

( 2 ) INFORMATION FOR SEQ ID NO : 1 : 
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-continued 



20 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDKESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION; SEQ ID N0:1: 
TCATTAATGC TATGCAGAAA ATCTTAG 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
ACACTCTAAG ATTTTCTGCA TAGCATTATT 



(2) INFORMATION FOR SEQ ID NO; 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
GGACACTAAG ATTTTCGTCA TAGCATTAAT 



What is claimed is: 

1. A method for immobilizing an unmodified nucleic acid 
molecule lo a glass or plastic solid phase, which comprises 
the steps of: 

(A) coating said solid phase with a mercapto-silane or an 40 
epoxy-silane and allowing said silane-coated solid 
phase to cure; and 

(B) coupling said unmodified nucleic acid molecule hav- 
ing either a terminal 3' OH or a terminal 5' OH to said 
silane-coated solid phase. 45 

2. The method of claim 1, wherein in step A, said coating 
occurs in the presence of an acidic buffer of aqueous ethanol 
for 30 minutes. 

3. The method of claim 1, wherein in step A, said silane 

is selected from the group consisting of mercapto-alkyl- 50 
irimethoxysilane and glycidoxyalkyl-silane. 

4. The method of claim 1, wherein in step A, said silane 
is 3-mercaptopropyl-trimethoxysilane. 

5. The method of claim 4, wherein in step A, said curing 
occurs for at least 12 hours in the presence of a dry inert gas 55 
consisting of Ar or Nj. 

6. The method of claim 4, wherein in step B, said covalent 
linkage is a covalent thioether linkage. 

7. The method of claim 1, wherein in step A, said silane 

is 3-glycidoxy trimethoxypropyl silane. 60 

8. The method of claim 7, wherein in step A, said curing 
occurs at a temperature of from 60° C. to 70° C. for 10-14 
hours. 

9. The method of claim 7, wherein in step B, said covalent 
linkage is a covalent ether linkage. 65 

10. The method of claim 1, wherein in step B, said 
coupling occurs in alkaline solution. 



11. The method of claim 10, wherein in step B, said 
alkaline solution comprises from O.OOOIM to 5M NaOH, 

12. The method of claim 10, wherein in step B, said 
alkaline solution comprises NaOH, KOI I, and LiOH. 

13. The method of claim 1, wherein in step B, said nucleic 
acid molecules comprise oligonucleotides. 

14. llie method of claim 13, wherein said oligonucle- 
otides have a concentration of from 1.0 to 10 //M. 

15. The method of claim 1, wherein in step B, said 
covalent linkage is selected from the group consisting of 
covalent ether and thioether linkages. 

16. The method of claim 1, wherein said solid phase is 
glass. 

17. The method of claim 16, wherein said glass is a 
microscope slide. 

18. The method of claim 1, wherein said solid-phase is 
plastic. 

19. The method of claim 18, wherein said plastic is 
polystyrene plastic. 

20. The method of claim 19, wherein said polystyrene 
support is a microwell plate. 

21. Ache method of claim 19, wherein said polystyrene 
support is an array designed to fit into a microwell plate. 

22. The method of claim 1, wherein said solid-phase is 
selected from the group consisting of a bead, a plate, a 
column, a pin and a dipstick. 

23. The method of claim 1, wherein the coupling reaction 
creates an array of immobilized nucleic acid molecules. 

24. The method of claim 1, wherein said immobilized 
nucleic acid is a polynucleotide and wherein said method/ 
optionally further comprises the steps of: \ 

(C) capturing from a solution at least one strand of a 
specific polynucleotide analyte by hybridization to said 
immobilized polynucleotide; and 
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(D) delecting the presence of the captured analyte. 

25. The method of claim 24, wherein step C further 
comprises the steps of: 

(C(l)) amplifying a specific region of a specific genome 
using a polymerase chain reaction, said region having 
a sequence complementary to said immobilized poly- 
nucleotide; and 

(C(2)) capturing from solution at least one strand of said 
amplification product by hybridization to said immo- 
bilized polynucleotide; and wherein step D further 
comprises the step of 

(D') detecting the presence of the captured amplification 
product. 

26. The method of claim 25, wherein said method option- 
ally further comprises the steps of: 

(E) incubating a sample of nucleic acid of a target 
organism, containing a single nucleotide polymor- 
phism in the presence of said immobilized polynucle- 
otide primer and at least one dideoxynucleotide 
derivative, under conditions sufiScient to permit a poly- 
merase mediated, template-dependent extension of said 
primer, said extension causing the incorporation of a 
single dideoxynucleotide to the 3'-terminus of said 
primer, said single dideoxynucleotide being comple- 
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mentary to the single nucleotide of the polymorphic site 
of said polymorphism; 

(F) permitting said template-dependent extension of said 
primer molecule, and said incorporation of said single 

5 dideoxynucleotide; and 

(G) determining the identity of the nucleotide incorpo- 
rated into said polymorphic site, said identified nucle- 
otide being complementary to said nucleotide of said 
polymorphic site. 

10 27. The method of claim 1, wherein said coating step is by 
means of an aerosol, a vaporization means or any other 
mechanical means. 

28, A method for immobilizing an unmodified nucleic 
acid molecule to a mercapto-silane or epoxy-silane-coated 

15 solid phase comprising coupling said unmodified nucleic 
acid molecule, wherein said nucleic acid molecule has either 
a terminal 3' OH or a terminal 5' OH, to said silane-coated 
solid phase. 

29. The method of claim 28, wherein said silane is 
20 selected from the group consisting of mercapto-alkyl- 

trimethoxysilane, glycidoxy-alkyl-silane, 3-mercapto- 
propyl-trimethoxysilane, and 3-glycidoxy propyl trimethox- 
ysilane. 

* * * « * 
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Brief Summary Text - BSTX (53) : 

The unmodified nucleic acid molecules, described in the 
present invention, 

may be either genomic DNA (i.e., DNA containing a non- 
translated region) , cDNA 

(i.e., DNA lacking non-translated regions) or RNA; the 
nucleic acid molecule 

may also be either single or double stranded. While any 
unmodified nucleic 

acid molecule may be immobilized using the present 
invention, the preferred 

nucleic acid molecule of the present invention is an 
unmodified single-stranded 

synthetic oligonucleotide. The method for making a 
synthetic oligonucleotide 

has been previously described by Gait, M. J. 
(Oligonucleotide Synthesis A 

Practical Approach, IRL Press Ltd., Oxford (1984)) and 
Sinha, N. D. et al. 

(Nucl. Acids Res. 12:4539-4557 (1984)) (herein 
incorporated by reference) . 



Brief Summary Text - BSTX (56) : 

Although any of a variety of glass or plastic solid 
supports can be used in 

accordance with the methods of the present invention^ glass 
is the preferred 

support. The support can be fashioned as a bead, dipstick, 
test tube, pin 

column, etc. However, an especially preferred support is a 
glass slide . 

Alternatively, the solid support can be a form of 
polystyrene plastic (e.g., 
96-well microtiter plate, etc.) 



Brief Summary Text - BSTX (42) : 

The method of the present invention provides three 
distinct advantages over 

other covalent attachment chemistries for oligonucleotide 
array preparation. 

First, while the above-identified prior art references 
require that the 

oligonucleotide be either amino or thiol modified, the 
present invention 

discloses a method to covalently bond oligonucleotides with 
an "unmodified" 5* 

or 3' --0H to a solid surface. The present invention thus 
differs from 

conventional methods for the covalent attachment of 
oligonucleotides to solid 

phases in that it permits the covalent attachment of 
"unmodified" 

oligonucleotides. Accordingly, the present invention 
provides several 

significant improvements over the prior art. In 
particular, the present 

invention provides a low-cost, stable method for the 
covalent attachment of 

"unmodified" oligonucleotides to a silanized solid-phase 
wherein the covalently 

bound oligonucleotides have wide uses in genetic and 
combinatorial analysis 

involving nucleic acids or proteins . Covalent attachment 
of oligonucleotides 

onto solid phase surfaces is therefore achieved without 
modification of 

oligonucleotides, thereby dramatically reducing the cost 
and eliminating the 
variation in qual 
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ABSTRACT 



The invention provides screening assays f<H' identiiying an 
inhibitor of a pathogenic helicase activity, e.g. a helicase 
derived from a pathogenic infectious organism such as a 
bacteriunL, protozoan or fimgus. Helicase activity is detected 
by the solid-phase, preferential capture of retained (non- 
liberated) single-stranded nudeic acid comimsing a detect- 
able label. 

17 Ciaims, 4 Drawing Sheets 
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1 

HIGH-THaOUGHIPUT SCREENING ASSAY 
FOR INmBITORS OF NUCLEIC ACID 
EELECASES 

INTRODUCnON 

1. Hdd of the InveatLon 

The field of this iaveadon is assays for saeeoing fca* 
inhibitors of a certain class of enzymes, namely nucleic add 
helicases. 

2. Background 

Helicases are enzymes which unwind double-stranded 
nucleic acids » usually in an NTP-dependent manner. 
Cellular, micrc^ial, i^age, and viral helicases are involved 
in a wide variety of cellular functions including DNA 15 
replication, recombination, and repair and RNA 
transcription, translation, and processing. Because of the 
critical functions played by helicases, they provide promis- 
ing targets for Aerapeutic intervention, e.g. in pathogenic 
infection. For exan^le, many infectious diseases, especially 20 
fungal and viral disease, have resisted efforts to identify 
efifective pharmaceutical dierapies. 

Identifying and developing new pharmaceuticals is a 
nmltibillion dollar industry in the U.S. alone. Especially 
needed are efficient methods of identifying pharmacological 
agents or drags which are active against pathogens which 
have hitherto defied effective therapy. If amenable to 
automated, cost-effective, high throughput drug screening, 
assays for spcdhc helicase inhibitOTS would have immrdiate 



activities with one or more defined control helicase activities 
or screening for modulators of one or more defined helicase 
activities by comparing helicase activities in the presence 
and absence of a candidate modulator. 

The general method for identifying modulators of helicase 
activity involves steps: 

forming a mixture of a labeled first single-stranded 
nucleic acid oomfoising a label, an unlabeled second 
single-stranded nucleic add, a pathogenic nucleic add 
helicase, a nucleoside triphosphate, and a candidate 
agent, wherein the first and second nucleic adds are 
hybridized; 

incubating the mixture in a reservoir under condition 
whereby, but fcr the presence of the candidate agent 
the helicase unhybricfizes the first and second nucleic 
adds at a first helicase activity; 
inmiobilizing the second nucleic add on a solid substrate; 
separating any unhybridized first nuddc add from the 
second nuddc add to obtain isolated second nucleic 
add; 

measuring the mount of the labd retained on the isolated 
second nucleic add to obtain a second helicase activity; 
whcrdn a difference between the first and second helicase 
activity indicates that the candidate agent modulates the 
activity of the pathogenic nuddc add helicase. 
In specific embotUments of the inventi<Mi, the immobiliz- 
ing step conqnises directly or indirectiy (e.g. through an 
. . ^ ^ ^ _ avidin-biotin complex), noncovalently and preferentially 

doinestic and international ^ binding the second nucleic acid to the s<^d substrate. Fbr 
exan^le, the solid substrate may be a glass bead and the 
(referential afBnity resulting from the second nuddc add 
being of greater length than the first nucleic add. 

The separating step may involve filtering the solid sub- 
strate through a specialized apparatus coitqnising a tube 
having a fluid passage comprising a reservcur portion and a 
evacuation poition, a filter extending transversely across the 
passage and separating the reservoir and evacuation 
portions, said filter being changeable from substantially 



25 



pharmaceutical and biotechnology drug devdq)ment pro- 
grams. 

The standard assay for measuring helicase activity uses 
gel electrophoresis to monitor unwinding of double-stranded 
DNA. Because this assay is time-consuming and 
cumbersome, several additional types of helicase assays 
have been devdoped: measuring the sensitization of labeled 
duplex DNA to single-strand specific nucleases, election 
microsc<^, displacement of a labeled fragment which is 



35 



annealed to a single-stranded DNA or RNA molecule, and ^ water-impermeable to water-permeable, having a maximum 
' " ' pore size sufSdenUy large to freely pass said any unhybrid- 

ized first nuddc add and sufiSdenUy small to retain said 
solid substrate; for exan^e, by contacting the filter with an 
effective concentration of a ^Vetting agent** such as an 
organic solvent. 



more recentiy, spectro]Aotometric assays utilizing a dye or 
ssDNA binding protein as the reporter molecule, 
Unfcrtunatdy, each of these assays has limitations which 
restrict thdr a{^licability to high-throughput drug screen- 
ing: they are slow, expensive, insensitive, subject to inter- 
ference and/or require considerable manq)ulation. 

Relevant Literature 
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BRIEF DESCRIPTION OF THE HGURES 



xji ^ * /^/wt^ A « ^ * ^^^^ * schematic of an automated Herpes Sim- 

Matson ct at (1990) Annu Rev Biodicm 59, 289-329 jq pjex Virus UL5/52 hdicase assay, 
parovides an overview of helicases and helicase assays. 



Houston and Kodadck(1994) Proc NaU Acad Sd USA91, 
547 1-6474 and Raney ct aL ( 1994) Proc Nail Acad Sd USA 
91, 6644-6548 describe spectq^hotometic helicase assays. 
Roman and Kowalczykowski (1989) Biochemistry 28, 33 
2863-2873 describes a helicase assay exploiting &e intrinsic 
fluorescence of £. coli SSB jffotcin Uwt is quenched v**cn 
the fffotcin binds single-stranded DNA. 



SUMMARY OF THE INVENTION 

The invention provides methods and conqx>sitions for 
detecting helicase activity and identifying modulators of 
pathogenic nucleic add helicase activity. Helicase activity is 
detected by the solid-phase, preferential capture of retained 
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FIG. 2 shows a schematic of an automated Herpes Sim- 
plex Virus OBP helicase assay. 

FIGS. 3A-3D provide a characterization of the Herpes 
Sinqpiex Virus UL5/52 helicase assay. 

FIGS. 4A-^D piovide a characterization of the Heqies 
Simplex Virus OBP helicase assay. 

DETAILED DESCRHTION OF THE 
INVENTION 

The invention provides effident methods and conqx>si- 
tions for detecting helicase activity and identifying specific 
modulators of nucldc add helicase activity. The methods 
are amenable to automated, cost-effective high throughput 



(non-liberated) singje-stranded nucldc add comimsing a 65 drug screening and have immediate plication in a broad 
detectable labd. The invention indudes methods of screen- range of domestic and international jAaimaoeutical and 
ing for helicase activity by comparing candidate helicase biotechnology drag dcvdopmcnt programs. In addition, the 
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usc5d in the disclosed methods. infectious disease. Fungal, viral, bacterial and parasitic 

Since heOcascs ait necessary for a wide variety of ccUular ^ciicascs, in particular, jwovide medically urgent targets for 

ftmctions including growth, target diseases are limited only ^ identifying inhibitors by Ae subject m^ods. Alternatively, 

in that disease or disease progression be subject to inhibition ^ plurality of hclicases or panel conqwising a i^csclectcd 

by modulation of the activity of one or more specific ^ different helicases can be used to maximize the 
heiicases. As such, target diseases inchide viral, b^toial 

and fungal infections, metabolic disease, genetic disease, prcfcared pathogenic helicases derive from medically 
ccU growth and regulatory disfunction, such as neoplasia, significant infectious fungi such as AspergiUus, Candida 
inflammation, hypersensitivity, etc. The target diseases may ^p^cies; bacteria such as Staphylococci (e.g aureus). Strep- 
be aflOictions of plants, especially agricultural oops, or g^^ci (e.g. pneumoniae). ClostruUa (e.g. perfringens), 
animals, especially livestock, house animals and humans. i^cisseria (e.g g<morrhoeae), Enterobacteriaceae (e.g. coU). 

The initial step of the general mediod involves forming a Helicobacter (e.g pylori), YihHo (e.g, choleras), Capylo- 

mixture of a labeled first single-stranded nucleic add com- i^er (e.g.je/wm), Pseudomonas (e.g aeruginosa), Haemo^ 

prising a label, an unlabeled second single-stranded nucleic g influenzfle), BordeteUa (e.g. pertussis), Myco- 

acid, a pathogenic nucleic add hellcasc, a nudeosidc pUuma (e.g. pneumoniae), Ureaplasma (e.g. urealyticum), 

triphosphate, and a candidate agent wherein the first and i^gioneUa{p.%, pneumophila). Spirochetes {^.%. Treponema, 

second nucleic adds are hyl^idized. Leptospira and BorreUa), Mycobacteria (e.g. tuberculosis. 

The hybridized first and second nucleic adds may be smegmatis), Actinomycies (e.g. (israeUi), Nocaniia (c.g. 

RNA or DNA, linear or circular, depending on the spedfidty asteroides). Chlamydia (e.g. trachomaHs), Rickettsia, 

ctf the targeted hdicase. In addition, other nucleic adds <x Coxiella, Ehrilichia, Rochalimaea, Brucella, Yersinia, 

stiucturalanalogsmaybcsubstitutedsolongastheyprovide Fradsella, and Pasteurdla; protozoa such as ^o/row (e.g. 
an active substrate for the targeted hdicase activity. The ^ Plasmodia), rhizopods (e.g. Entamoeba) and flagellates 

nucleic adds may be of any length amenable to the assay (Trypanosoma, Lddimania, Trichomonas CSiaidia, etc); and 

conditions and requirements. For exan4)le,ensuringheUcasc viruses such as (+) RNA viruses (examples indude 

substrate spedfidty and minimizing non-specific renatur- picornaviruses, c.g. poUo; Togaviruses, e.g. rubeUa; 

ation requires a minimal region of complementarity between piavivimses, e.g. HCV; and Coronaviniscs), (-) RNA 
the first and second nuddc adds, typicaUy at least about 12, 3^ viruses (examples include Rhabdoviruses, e.g. VSV; 

mere typically at least about 18 and prefoably at least about Paiamyxovimses, e.g. RSV; Orthomyxovimscs, e.g, mflu- 

24 continuous base pairs. In one embodiment, the differeo- cnza; Bunyavtruses and Arenaviruses), dsDNA viruses 

tial afiBnity of die nucleic adds for the soUd substrate is a (Rcoviruses, for example), RNA to DNA viruses, i.e. 

result rf a size differential between the strands. In this case, Retroviruses, e.g. Hiy, and certain DNA to RNA viruses 

the sizes are selected to mflintain differential affinities suf- such as Hepatitis B virus. 

ftdent to provide statistically significant assay results; fre- -j^e hdicase may be purified from a natural soume or may 

fluently the sizes wOl differ by at least one two orders of be recombinant and is usually i^vided in at least a partially- 

magnitude. In general optimal leng&s are readily deter- purified foim. Often only a portion of the native heUcase is 

mined empirically. used in the assay, the portion being suffidcnt f<x hdicase 
The nucleic adds may be <rf any sequence which fHOvides 40 activity, preferably not less than an order of magnitude less 

a convenient substrate for the taigeted hclicasc(s). The than that <rf the fuU-length hdicase. Portions c^ble of 

nucleic adds may be conplementaiy over the entire lengtfi in^wrting the requisite binding gjedfidty and affimty m 

of at least one of the nuddc adds or there may be regions readily identified by those skiUed in the art. A wide vanrty 

Gt nonconmlementary 5' and/or 3* of the con5)lemcntary of molecular and biochemical methods are av^ble tot 
reflion Introducing these 5' and/<ff 3* noncomplcmcntary 45 gcucxating catalytic pwtions, see e.g. Molecular Oomng, A 

rcdons provides molecular forics that yidd better substrates uboratory Manual (2nd Ed., Sambrook, Fntsch and 

fofsomehdicases. Genially, conveniently relocated vcc- Maniatis, Cold Spring Harbor), Current Protocols in 

tors e s rfiage. or restriction fragments thereof, provide an Molecular Biology (Eds. Aufubd, Brent, Kingston, Motc, 

incxt)iisi^^55a~onh^~nu^c^^ Feidman, Smith and Stuhl, Greene Putt. Assoc., Wlcy- 

g^H^Tooi^iriwthnfin?^^ 50 Intcrsdence,NY,N.Y.,1992)OTthatareothcrwisclmownm 

protdns, such as histories. It is often advantageous to the art 

Indude a variety of potential substrates, e.g. double-stranded xhe reaction mixture also conqmses a candidate agent 

nudcic acids of varied size, sequence, protein con5)lexing, such as a {B-esdected candidate helicasc inhibitor or, espe- 

ctc. to in^rove the likcUhood of detecting substrate- ciaUy for high-throughput drug screening, a library-derived 

sensitive hdicases. 53 candidate agent litwary-dcrived candidate agents encom- 

The first nudeic add conges a detectable labd, which pass numerals chemical classes, tiiough typicaUy they arc 

label is absent from the second nuddc add. A wide variety organic cwnpounds; preferably snaall orgamc conqxHinds. 

(rfdirecUyand/OT indirectly detectable labels may be used so The Utearies may comiHisc synthetic and/or naturauy 

lona as they are conmadWe wi& the assay. Exemplary derived compounds. Fox example, numerous ^s 

diwUv detectable labels inchidc radiolabcls, fluorescent 60 available f<ff random and directed synthesis of a wide vancty 

labels etc- exemplary indirectly detectable labels indude of organic compounds and biomoleculcs, induding (^es- 

cDitoiic tasl, Wotin, nudeoside analogs such as digoxigcnin, sion of randomiied oligonudeotides. Alternatively, Ubrancs 

^^ypv«6 of natural compounds in the form of bacterial, fungat plant 

The oathogenic hclicase (Le. any heUcasc activity that is and animal extracts are available or readily I«;odu^^ 

haSul'TSl^ " Additionally, natural ^^^^^^ P[.«?^^^ 

Sed based «i the target application. Rapidly growing and compoomls are readily modified through conventional 

2s Sg Tle^ST^^ targeted^ inhibitors of dxemical, physical, and biodiemical means. In addition. 
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known phannacological agents may be subject to directed cr of size, range and structure to maximize surface area, filter 

random chemical modifications, such as acylation, retention and bead suspension time during the assay incu- 

alkytation. esterification, amidification. etc.^ to produce bations. Generally, such bead diameters range from 1 to 400 

structural analogs. The agent is provided in standard serial um, usually from 2 to 200 um. Depending on the selected 

dilutions or in an amount determined by analogy to known 5 capture mecfaanism, the mixture may be supplemented with 

modulatCHS. a suitable pH buffer and salt to ensure the ionic strengA and 

In addition, the mixture usually includes additional pH of the mixture is conducive to optimal binding. For 

reagents, such as salts, bufiFers, etc. to facilitate or maximize high-throughput {plications, the capture incubation is gen- 

heiicase activity. Also, reagents that reduce non-specific or erally less than 4 hours, preferaUy less than 2 hours, more 

background denaturation or otherwise improve the efifi- jp preferably less than about 1 hour. Typically, capture is most 

dency of the assay, such as protease inhibitors, nuclease conveniently done at room temperature. 

inWbitcws, antimiaohial agents, single-stranded DNA bind- Following iramobilization, the solid substrate is washed 

mg jHotcin, etc. may be used. f^^^ unhybridizcd first nucleic add. The method used for 

The second step of the general method involves incubat- separating and washing da>ends on the nature of the reaction 

ing toe inixture in a reservoir imdcr conditions w^ ^^^^^ j^e solid substrate. For example, where the 

for the l»^senoc of «he candidate agent, the hdicase (or ^^^^ is in the form of aggregated fibers, the soUd phase 

heUcases) unhybridizes the first and second nucleic aads at ^ physically transfer^from die reaction reservoir to 

a first, control hebcase activity and so converts at least a ^ # • «, Z. t ^ icm-uuu iw«yvuiu 

detectable portion, and preferably, substantiaUy aU of the * ""f reservoirs. In a prefored embodm^nt. the 

initial amount of douWostranded nudcic add into unhy- s^^^rating and washmg steps m-c poformed by filtration, 

teidized complementary single- stranded nucldc add, 20 frequently vacuum-assisted filtration. In a parUcuIar 

whereby a final amount of the double-stranded nucleic acid embodiment, the method uses a filter that is changeable from 

remains (Lc. results or is formed). As such, depending on the water-inqiermcable to water-permeable having a m aTci m u m 

step point (tf the reaction, the measured activity may reflect size suffidently small to retain the selected solid 

a catalytic rate or an equiJihrium constant. A wide variety of substrate, e.g. a maximum pore size less than about 200 um 

reaction conditions can be employed depending on the 25 <lianieter is typically used retain microbcads, by ''wetting'* 

targeted helicase(s); in vitro conditions to suf^xsrt activity of the filter, e^g. contacting the filter with an effective concen- 

exemplary helicases are exemplified below and/or otherwise tration of an organic solvent, optionally supplemented with 

known in the art For example, the reaction generally an effective amount of a deta^ent such as NP-40. In this 

requires the presence of an effective amount of a nucleosidie specific embodiment, typical organic solvents include 

triphosjAate, such as ATP. For many helicases pathogenic in 3^ alcotol, conveniently methanol, solutions in the 5 to 90% 

naammals, the reaction is carried out at room <z elevated range, convenienfly about 10% (v/v). The filter should 

ten^jcratures, usually in the range of 20* to 40* C, conve- minimize final retention of unhybridizcd and immobilized 

niently at room (ca. 25** C) tere^rature. For high- labeled first nucleic add under the assay conditions. A 

throu^put plications, reactions time is minimized, and is particular embodiment uses a GF/C hydicphobic glass fiber 

usuaUy from 0.1 to 4 hours, mOTe usually about 0.5 to 1.5 35 membrane (Polyfiltronics, Rockland, Mass.). or 

^^'^rs. ahemativdy, a GF/C hydrophilic glass fiber membrane 

Following incubation, the second nuddc add is i^^efCT- (Polyfiltronics, Rockland, Mass.) superin^sed with an MP / 

entially immobilized on a solid substrate, Le. the second PP hydrc^obic polypropylene memlHane (I\>lyfiltronics, 

nucleic add has a higher afi&nity for the substrate than does Rockland, Mass). 

the first Preferred solid substrates for this capmrc step 40 After washing, the amount of label retained on the sub- 
maximize the disparity in binding affinities and second strate is measured to infer the helicasc activity in the 
nucleic add binding aflSnity and binding sites, and hence, f^csence of the candidate agent, wherein a difference 
maximize signal strength and the signal-to-noise ratio. The between die activity in the presence and absence of the agent 
aflfinity for (he second nucleic add may be direct (substrate- indicates that said candidate agent modulates the activity of 
nucleic add), indirect via a ligand (substrate-ligand-nucleic 45 the targ^ helicase. A variety of mediods may be used to 
add) or ligand receptor oanplex (substrate-reccptor-iigand- detect die substrate-bound label depending on the nature of 
nudeic add), etc. As examfriesisiUca-based bead substrates the label and other assay axnponents. Labds may be 
may be used to size-select the nucldc adds directly; mag- directly detected through optical or electron density, radia- 
netized substrates may be used to distinguish second nucldc tive emissions, nonradiative energy transfffs, etc. In the 
add conqxrising an iron-based ligand; substrates comfoising » preferred case of radioactive labels, emissions may be 
a surface bound antibody receptor may be used to distin- detected directly, e.g. with particle counters or indirectly, 
guish second nuddc add conqmsing a specific ligand e.g. with scintillation cocktails and counters. In a specific 
antigen of the antibody receptor; rtc To avoid interference, embodiment, the bottom of the filtration tube is heat-melt 
any sdected ligand should not be identical to any sdectcd sealed by contacting the tubc>-bottom with a hot plate, 
labd or labd consent 55 scintillation cocktail is added to the reservoir, and the 

In another embodiment, the hybridized nucleic adds are radiolabel present in the tut>e counted, 
p-efcrentially immobilized on the solid substrate, i.e. the The disclosed methods are particulariy suited to auto- 
hybridized nucleic adds have a higher affinity for the mated high througlq)ut drag screening. In a preferred 
substrate than does at least the first nucleic add, and embodiment, the individual sample incubation vdumcs are 
frequenUy, both first and second nucleic adds. In this «> less than about 500 ul, preferably less than about 250 ul, 
embodiment, the substrate frequently distinguishes double- mm jHcferably less than about 100 ul. Such smaU sample 
stranded from single stranded nucleic add based on differ- volumes minimize the use of often scarce candidate agent, 
ential net charge or charge distribuUon. An exemplary solid expensive enzymes, and hazardous radioactive waste, 
substrate useful in this embodiment is crystalline hydroxya- Furthermore, the methods provide for automation, espe- 
P*^^* 65 daUy computerized automatioa. Accordingly, the method 

Preferred substrate structures indudcs fine fibers, beads, steps are preferably pcrfonned by a computer-controlled 

etc., and in particular, polymeric or silica-based microbcads electromechanical robot While individual steps may be 
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separately automated, a jffcfcrred embodiment provides a EXAMPLES 
single ccm^ter-controlled multifunction robot with a single Example 1. 

arm axially routing to and from a plurality of wOTk stations 

performing the mixture fcrniing, incubating and sqwraling ^ Preparation of Labeled M 13 Substrate 
stq>s. The con^ter is loaded with software which |»ovides 

the instnictions whidi direct the arm and wort station ^^^^^^^^^^^ ^ 
<mcrations and provides input (e.g. keyboard and/cv mouse) 

and disolav (t a monitor) means for operator interfacing 500 Mi3mpi8 caDNA (500 «s. 250 pmoto^) 

^0 (1 ug^il, 1000 pmokts total) 

a particular cn*cdimcat,U«n*odc«m is cquip^ ^^^^^^^'^'^'^'^^ 

with a general purpose retrieving hand and a pipetting hand. 53.6 ui d dHaO 
The p^jctting hand equii5)ed with a multichannel p^>ettar 

retrieves and transfers measured aUqu(^ of each an assay ]f^^iQ^^^^c^i^,stx^^^70C.m5ifm^^^. 

buffer, a solution comprising one or more candidate agents, LabtKng Reectka 
a solution conmrising a labeled oligonucleotide hytnidized 

to.pl«nudorviralt«nplate.andasolutionconvrisingthe 175^ J^'^S)'*'^' 

targeted hdicase activity into each designated filtration well ^qq ^ »p^]aip (2000 citonol» i mCi total, 500 pmol total) 

of a microtiter plate, wherein each well comprises an iqjper 20 24 ui K bnw fragmem (5 UniiBW) 

reservoir portion with a bottom made of a solvent- ^ 

permeablizing menahrane. The general purpose hand then ^ ^^^^ vortex, to buzz io mkiofuso to bring to bottom, 

transfers each microtiter plate to an incubatOT. After a first incubate at 23» c. (room tanporature) for 45 min. 

incubation period for a time and at a temperature to permit ««—=—^=— 
assay-drtectablc unwinding (eg. 0.5 to labours at 38* C), 25 

the general jHirpose hand transfers each plate to a miaobead QUICKSPIN™ Column Preparation 

dispensing station (e.g. a Multidrop system) which deposit ^ ^ ^ ^^^^ 2 Large Scale 

in ead» designated weU a n^^^^^^^I^f* f QUICKSPIN™ columns (3.0 ml bed volume). Invert several 

GLASSFOG® (BIO 101, tcl: (800)424-6101) microbeads ^esin, then ranove top cap, foUowed by bot^ 

and a solution of an organic solvent (c.g methanol) at a column in coUecdon tube and spin at 2,000 rpm 

concentration sufficient to permeablize (he filter to water ^ ^ Remove supernatant from ccilection tube and span 

(e.g. about 12.5% v/v, final concentration), yet retain the 2,000 rpm for 4 min. Replace the collection tube 

beads. After a second incubation period for a time and at a ^ EPFENDORF™ tube and store upright until ready 

temperature to permit assay-detectable inmwWlization (e.g. to use. 
0.5 to 1.5 hours at room tenq)exaturc), the general purpose 

hand transfers each plate to a vacuum di^togm where the Removal of Klenow and Unicorptoated Nucleotide 

substantiaUy aU of the liquid jAasc is simultaneously filtered ^ Phenol/ChlOToformasoamyl alcohol (50:49:1). 

fr<Hn each welL A measured aiquot of wash solution is then ^ microfiige 2 minutes. Carefully 

added and then vacuum filtered through each well until 4^ ^^^^^ the upper aqueous jfliase as possible 

background counts are reduced to an assay-aocqjtableleveL without disturbing interface. Transfer aqueous jiiase to 

Optionally, the bottom <rf eadi plate may be blotted onto an QUICKSFIN™ cohunn that has been "spun dry." Spin at 

absorbent memlwane after one or more filtration steps to 2,000 rpm for 6 minutes. Collect supernatant (talce note of 

remove residual liquid from the bottom of each welL TTie volume) and transfer to another QUICKSPIN™ column and 
bottom of the drip director of each well is then scaled (e.g. 45 $pin at 2,000 rpm fw 6 minutes. Remove supernatant to 

heat meh sealed) and a measured aUquot <rf scintillation sterile 1.5 ml EPPENDORF™ tube. Take accurate volume 

cocktail added to each well. Thereafter, the mount of label measurement 

retained in each designated well is quantified. Exan^le 2 

Assays for helicasc activity per se are carried out sub- ^ HSV HeHcasc/Primase Manual Assay Protocol 

stantially as described above except for the omission of the Conditions 
candidate agent Furthermore, candidate helicase activity 

samples arc con^ared with one or mcne Imown helicasc Reaction is done on a polypropylene 96 well pSale. The total 

5^activities, preferably a panel of defined activities. The can- 35 reaction volume is 100 Add assay buffer 

/SfVdidate heUcase samples are typically cellular <x nudcar 20 mM HERaS™ (pH 7.6) 4 mM MgOj 4 mM ATP 100 

lOicxtracts. ligAnl BSA5% glycerol 2 mM DTT 

/V^ Add 10% DMSO. Add UL5/52 Hdicase. Add dAIP 

^ , r K-K^.^ labeled oligo annealed on the M 13 template. Incubate for 1 

In a preferred embodiment the panel of control behca^ ^ hr at 25° C Add 2x capture buffer 

com^Hises a range of different activities to maximize me ^ RIP-40™ 10% GLASS- 

Ukelihood of encon5>assing an activity functionally smiular, ^OG® beads 

in terms of (he subject assay, to that sought to be detected in incubate for 30 min. at 25** C. Transfer to GF/C UmfiUcr 

the sample. hydiophilic plate using cell harvester Wash five tiiDcs with 

65 wash buffer 

The foUowing examples arc offered by way of illustration 50% EtOH 0.2% RIP^^m 50 mM NaQ 1 mM EDTA 

and not by way of limitation. Count 



05/31/2003, EAST 



Version: 1.03.0002 



5,705,344 



Seal plates using hot plate. Add 160 ul of sdntillation 
cocktail Seal bottom and top with Packard plate sealer. 
Count in Tqxxxint scintillation counter. 

Example 3. 

HSV OBP AutcHnated HeUcase Assay Protocol 
1. Ix Helicase Assay Buffer from 5x Stock Assay Buffer 
Sx stock Helicase assay buSer 



ICQ ml 



20 mM CHES™ 10 ml IM (p« 9, KOHXSigma cat # C2885) 
8 mM MfiQ 4 ml of IM 

SOOug^BSA 250mg 
3% Glyoeiol 15 ml 

Add ddH20 to 100 ml 



To make 500 ml of Ix helicase assay buffer add fresh 
daily: 



10 



5. M13/Enzymc Mixture 
M13 fixed at 2.7 ng^weU Stock M 13 is 380 ng/ul (Apr. 26, 
1995) in TE OBP fixed at 4.0 ng/wcll Stock OBP is 
1000 ngAU (A|^. 17, 1995) in storage buffer (20 mM 
Hcpcs, pH7.9, IM 

Ka» 15% Glycerol, 1 mM EDTA, 1 mM DTP, 1 mM 

NaMetabisulfate, 1 mM A£BSF (4-2-aminoethyl 

7-benzenesulfyl fluoride hydorchloide 

Pre{)aration of M13 Solution 

Volume needed for MO/OBP mixture (V)=# of platesxl 
ml+12 ml Amount of M13 stock to be dissolved in V ml of 
SEB, (A) Multiply 27 ng/ul by the total volume needed and 
divide by stock concentration of M13. 



.V = 48Xlml+12ml = 60m] 
Stock M13 CQDC. = 380 i^ul 
A = (.27 x 60,000uiy380 = 
42.6 ul of stock M13 into 60 ml of SBB 



20 



CoQcentrstton 



Sx helicase buffer ICQ ml 5k buffer 

2.5 mM DTT (to final cone.) 250 ul of 5M 
8 mM AIP (to final cocc.) 2.2 g 

Add ddHaO to 500 ml 



pH ths Ix buCEer to pH 9j0 using 10 N NaOH 

2. 5x Substrate/Enzyme Buffer (SEB) Add Fresh Daily 



CoQcemratkni 100 ml 



20 mM CHES ^ 10 mJ IM 

500us/mlBSA 2S0 mg 

3% Glycdol 15 ml 

100 mM KCl 16 J ml 3M 



To make Ix add fresh daily: 

40 



100 ml 


Sx SEB 


20 ml 


23mMinT 


50ul5M 




Add ddHjO to 100 mJ 


pH the Iz bafSa to pH 9X} using 10 N NaOH 


3. Wash Buffer 




Coocentratiao 


50% EtOH 


2 L (RKCA™ from Bsxter cat # 65915) 


1 mMEIXIA 


SmlO^ 


0.2%iq»-4O™ 


8 ml (CaOttochem cat 0 492015) 


SOmMNaa 


40ml5M 




Add 4 L with ddH20 


4. GLASSFOG^ SiUca Beads 


CoDDcntratKHi 


IL 


25%MeOH 


250 ml (Fishsr cat A452^) 


3MNaI 


500 ml fiM (BIO 101 cat U 1001-801) 


0.3%np-40Tw 


3ml 


10% BIOBEADS 


100 ml (BIO 101 cat it 1005-904) 




Btms up to 1 L with dd H20 



45 



50 



60 



Preparation of OBP Solution 
Volume needed for M13/0BP mixture (V>=# of platesxl 
ml+12 ml Amount of OBP stock to be dissolved in V ml of 
SEB, (B) Multq>ly 0.4 ng/ul by the total volume needed and 
divide by stock concentration of OBP. 



Ex. V = 48Xlml'»-12nJ==60nil 
Stock OK>conc. - 1000 
B s(A5x fOfiOO uiyiOOO 

= 27 ul of stock OBP into 60 ml of SEB 



6. Robotic St^ on ZYMARK™ Workstation T2 

Add 15 ul 3M KQ to first column of hydrophobic GF/C 
plates (control fccr total binding of M13 ten^late undo- 
conditions which inactivate OBP ie. high salt). 

Add 80 ul of helicase bufferAvell. Add 10 ul of compound/ 
well. Add 10 ul of labeled substrate and enzyme in SEB/ 
welL Shake 10 min. Place plates in incubator f os^ 1 hr. at 38'' 
C. Remove plates fromincubatcr and add 100 ul of GLASS- 
FOG^ beads. Sit for 30 minutes at 25' C. Wash plates with 
wash buffer. 

7. Sealing and Counting of Hates 

Seal plates using hot plate. Add 160 ul of scintillation 
cocktaiL Seal bottom and top with PACKARD plate sealer. 
Count in TOPCOUNT scintillation counter. 

All publications and patent applications cited in this 
specification are herein incorporated by reference as if each 
individual publication or patent jqjplication were specifically 
and individually indicated to be incorporated by reference. 
Although the fmgoing invention has been described in 
some detail by way of illustration and example for purposes 
of clarity of understanding, it will be readily apparent to 
those of ordinaiy skill in the ait in Hght of Ae teachings of 
this invention &at certain changes and modifications may be 
made thereto without departing firom the spdrit ox scope of 
the appended claims. 

What is daimed is: 

1. A method of identifying an agent that nK>dulates the 
activity of a helicase conqsrising the following steps in 
consecutive order 
a) forming a mixture of a labeled first nucleic add 
hyteidized to a con4>lementary unlabeled second 
nuddc add, a helicase. a nucleoside triphosphate, and 
a candidate agent wherein said first and second nucleic 
adds are both DNA or are both RNA; 
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b) incubating said mixture in a reservoir under conditions 9. m method of claim 3. whcrela said label is digoxi- 
wherein said helicase would unhybridizc said first and genin and said ligand is c4her than digoxigcnin. 

second nucleic adds in the absence of said agent; 10. The method of claim 1, wherein said scparalmg step 

c) immobilizing said second nuddc add on a solid coii4>rises filtering said soHd substrate, 
substratcl^rdirect noncovalent binding, wherein said 5 jacthod of claim 1, whcrcm said separating step 
second nucldc add has a greater affinity for said soHd is perfonned in a tube having a fluid passage conqxrising a 
substrate than docs the first nucleic add; reservoir portion and a evacuation portion a filter attending 

d) separating any unhylwidizcd labeled first nuddc adds transvcrsdy across said passage and separating said reser- 
to obtain isolated, immobilized second nuddc adds; portion from said evacuation portion, said filter being 

e) measuring the amount of said label retained on fee changeable from watcr-impcrmtcahle to water-permeable 
immobilized second nucleic add, wherein the amount having a mA Timflm pare size suflBdently large to freely pass 
of said label is indicative of the modulation of helicase unbyhridized first nuddc add and suffidently 
activity by said agent ^ s„j^ ^ retain said solid substrate. 

2. The method of daim 1, wherein said solid substrate js ^ method of claim 1©, whcrdn said filter comprises 

a miat^bead and sdd gre^ S a first membrane bdng diangeable from water-impermeable 

second nuddc add bemg of greater length than said first ^ ^^.p^^^S contacting said first membrane with 

"T^^r^thod of daim 1, wherdn said second nucldc an effective concentration of an organic s^^^^ second 

addco^s^ 20 membrane being wata-permeaWe and having a maximam 

from said Ugand having a greater afifinity for said solid pose size less ttian about 200 um diameter, 

substrate than docs said first nuddc add. 13. The mc&od of claim 1, wherein said heUcase is a 

4. The method of daim 3, wherein said solid substrate is pathogenic helicase. 

coated with avidin, said ligand is biotin and said labd is method of daim 1, wherein said helicase is a 

other than biotin. . 25 pathogenic fungal helicase. 

5. The method <rf daim 3, wherein said solid substrate is ^ ^ ^ wherein said heUcase is a 
coated with a digoxigenin-spedfic antibody, said Lgand is ^uman heUcase. 

digoxigcnin and said labd is other than (hgOTigenm. ^ ^ ^ wherein said hcUcasc is a 

6. m method of daim 1, wherein said labd is a radi<. ^^^^ 

-me method of daim 1. wherdn said label is a flu<v ^ H. TTie method of claim 1, wh«in said heUcase is a 

/. 1****. pathogenic viral hdicase. 

rcscent labd. . , *^ * 

8. The mcttiod of daim 3, wherein said label is biotm and « # « « « 

said ligand is other than biotin. 
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ABSTRACT 



A method for simultaneous release and detection of nucleic 
acids from complex biological samples is described. TTie 
invention relates to the combined use of lysis buffers con- 
taining strong chaotropic agents such as guanidine thiocy- 
anate to facilitate cell lysis and release of cellular nucleic 
acids and to the use of a novel type of bicyclic nucleotide 
analogues, locked nucleic acid (LNA) lo detect specific 
nucleic acids released during lysis by nucleic acid hybridi- 
sation. In particular methods are described for the covalent 
attachment of the catching LNA-oligo. Novel methods for 
sample preparation of e.g. polyadenylated mRNA species 
are also presented, llie invention further addresses reagents 
for performing the methods as well as reagents and appli- 
cations of the method. 
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Fig. 2-1 



Specificity 
GnHCI in Phosphate Buffer 
Capture probe: C8 



c 

£ 

o 
a 

<D 

E 

E 
c 

a 
o 




2 M GnHCI 
4 M GnHCI 
8 M GnHCI 
0 M GnHCI 



0.00001 



0.0001 



0.001 



0.01 



0.1 



Mutant type target molecule (pM) 



05/31/2003, EAST Version: 1.03.0002 



U.S. Patent Oct. 16, 2001 sheet 4 of 11 US 6,303^15 Bl 



Fig. 2-2 
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Fig. 4-1 
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Fig. 4-4 
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Fig. 6-1 
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ONE STEP SAMPLE PREPARATION AND 
DETECTION OF NUCLEIC ACIDS IN 
COMPLEX BIOLOGICAL SAMPLES 

This application claims benefit to Provisional Applica- 
tion No. 60/127,356, filed Apr. 1, 1999. 

BACKGROUND OF THE INVENTION 

Brief Description of the Relevant Art 

Organic solvents such as phenol and chlorofoma are 
traditionally used in techniques employed to isolate nucleic 
acid from prokaryotic and eukaryotic cells or from complex 
biological samples. Nucleic acid isolations typically begin 
with an enzymatic digest performed with proteases followed 
by cell lysis using ionic detergents and then extraction with 
phenol or a phenol/chloroform combination. The organic 
and aqueous phases are separated and nucleic acids which 
have partitioned into the aqueous phase are recovered by 
precipitation with alcohol. However, phenol or a phenol/ 
chloroform mixture Is corrosive to human skin and is 
considered as hazardous waste which must be carefully 
handled and properly discarded. Further, the extraction 
method is time consuming and laborious. Mannur, J. Mol. 
Biol., 3:208-218 (1961), describes the standard preparative 
procedure for extraction and purification of intact high 
molecular weight DNA from prokaryotic organisms using 
enzymatic treatment, addition of a detergent, and the use of 
an organic solvent such as phenol or phenol/chloroform. 
Chirgwin et al.. Biochemistry, 18:5294-5299 (1979) 
described the isolation of intact RNA from tissues enriched 
in ribonuclease by homogenization in GnSCN and 
2-mercaptoethanol followed by ethanol precipitation or by 
sedimentation through cesixmi chloride. Further develop- 
ments of the methods are described by Ausubel et. al in 
Current Protocols in Molecular Biology, pub. John Wiley & 
Sons (1998). 

Further, the use of chaotropic agents such as guanidinc 
thiocyanate (GnSCN) is widely used to lyse and release 
nucleic acid from cells into solution, largely due to the fact 
that the chaotropic saUs inhibit nucleases and proteases 
while at the same time facilitating the lysis of the cells. 

Nucleic acid hybridisation is a known and documented 
method for identifying nucleic acids. Hybridization is based 
on base pairing of complementary nucleic acid strands. 
When single stranded nucleic acids are incubated in appro- 
priate buffer solutions, complementary base sequences pair 
to form double stranded stable molecules. The presence or 
absence of such pairing may be detected by several different 
methods well known in the art. 

In relation to the present invention a particular interesting 
technique was described by Dunn & Hassell in Cell, Vol.12, 
pages 23-36 (1977). ITieir assay is of the sandwich-type 
whereby a first hybridisation occurs between a "target" 
nucleic acid and a "capturing" nucleic acid probe which has 
been immobilized on a solid support. A second hybridisation 
then follows where a "signal" nucleic acid probe, typically 
labelled with a fluorophore, a radioactive isotope or an 
antigen determinant, hybridises to a different region of the 
immobihzed target nucleic acid. ITie hybridisation of the 
signal probe may then be detected by, for example, fluo- 
rometry. 

Ranki et al. in U.S. Pat. Nos. 4,486,539 and 4,563,419 and 
EP 0,079,139 describe sandwich-type assays which first 
require steps to render nucleic acids single stranded and then 
the single stranded nucleic acids arc allowed to hybridise 
with a nucleic acid aflSxcd to a solid carrier and with a 
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nucleic acid labelled with a radioisotope. Thus, the Ranki et 
al. assay requires the nucleic acid to be identified or targeted 
in the assay to be first rendered single stranded. 

One approach to dissolving a biological sample in a 
5 chaotropic solution and performing molecular hybridisation 
directly upon the dissolved sample is described by Thomp- 
son and Gillespie, "Analytical Biochemistry," 163:281-291 
(1987). See also WO 87/06621. Cox et al. have also 
described the use of GnSCN in methods for conducting 
^0 nucleic acid hybridisation assays and for isolating nucleic 
acid from cells (EP-A-0-1 27-327). 

Bresser, Doering and Gillespie, "DNA," 2:243-254 
(1983), reported the use of Nal, and Manser and Gefter, 
Proc. Natl. Acad. Sci. USA, 81:2470-2474 (1984) reported 
the use of NaSCN to make DNA or mRNA in biological 
sources available for trapping and immobilization on nitro- 
cellulose membranes in a state which was suitable for 
molecular hybridisation with DNA or RNA probes. 

llie use of LNA as capturing-probes and detecting oligos 
has not been investigated until now. Due to the extraordinary 
features of LNA, it is possible to obtain eflScient hybridisa- 
tion under conditions where DNA and RNA cannot form 
stable hybrids e.g. pure water or buffers containing deter- 
25 gents and high concentrations of strong chaotropic agents. 
Thus, it is possible to perform the steps of catching- 
hybridisation, detection-hybridisation and cell-lysis in one 
step, 'lliis offers a substantial simphfication to previous 
published methods. 

SUMMARY OF THE INVENTION 

This invention relates to compositions and assay methods 
for the hybridisation and extraction of nucleic acids. In 
particular, this invention relates to compositions and meth- 

35 ods to release nucleic acids from cells in complex biological 
samples or specimens while simultaneously hybridising 
complementary nucleic acids released during lysis. A crucial 
component in the invention is LNA which is a novel class of 
DNA analogues that possess some extraordinary features 

40 that make it a prime candidate for improving in vitro DNA 
diagnostics. The LNA monomers are bi-cyclic compounds 
structurally very similar to RNA-monomers, see formula I. 
LNA shares most of the chemical properties of DNA and 
RNA, it is water-soluble, can be separated by gel 

45 electrophoreses, ethanol precipitated etc. Furthermore, LNA 
oligonucleotides are conveniently synthesised by standard 
phosphoramidite chemistry. The phosphoramidite chemistry 
allows chimeric oligos containing both LNA and DNA (or 
RNA) monomers to be synthesized. Thus, mixed LNA/DNA 

50 oligos with a predefined melting temperature (T„) can be 
prepared. The flexibility of the phosphoramidite synthesis 
approach furthermore facilitates the easy production of 
LNAs carrying all commercially available linkers, fluoro- 
phores and labelling-molecules available for this standard 

55 chemistry. Importantly, introduction of LNA monomers into 
either DNA or RNA oligos results in unprecedented high 
thermal stability of duplexes with complementary DNA or 
RNA while at the same time obeying the Watson-Crick 
base-pairing rules. In general the thermal stability of hetero- 

60 duplexes is increased 3-8° C. per LNA-raonomer in the 
duplex. To the best of our knowledge LNA has the highest 
affinity towards complementary DNA or RNA ever to be 
reported (Tetrahedron, 54, 3607-3630 (1998)). The thermal 
stabihty of LNA/DNA and LNA/RNA heteroduplexes is 

65 sufiBciently stable to allow efficient hybridisation to occur 
even in the presence of chaotropic agents such as guanidine 
thiocyanate (GnSCN). 
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This invention relates to novel methods for the release of 
nucleic acids from cells in complex biological samples or 
specimens to prepare and make available the nucleic acid 
material present for a hybridisation assay. Novel methods for 
hybridisation of nucleic acids are also presented. In 5 
particular, methods are described for the hybridisation of 
nucleic acids from a sample suspected of containing a target 
nucleic acid of interest wherein the sample is combined with 
a buflfer comprising at least one strong chaotropic agent 
which promotes cell lysis and release of the cellular nucleic lo 
acid while at the same time allowing hybridisation with 
LNA. The extent of hybridisation of the complementary 
nucleic acid to the target nucleic acid is then determined. 

One advantage of these hybridisation methods is that 
hybridisation may be carried out in one easy step with all ^5 
reagents pre-combined. 

DETAILED DESCRIPTION 

This invention relates to a novel method for detecting 
nucleic acids released from a lyscd complex biological 
mixture containing nucleic acids. ITie methods of the present 
invention enable one to readily assay for a nucleic acid 
suspected of being present in cells, parts of cells or virus, i.e. 
target nucleic acid(s). Such methods include lysing the cells 
in a hybridisation medium comprising a strong chaotropic 
agent, contacting the lysate under hybridisation conditions 
with a locked nucleic acid (LNA) having a nucleotide 
sequence substantially complementary to a nucleotide 
sequence suspected to be present in the cells, and determin- 
ing the extent of hybridisation. 

The "target nucleic acid" means the nucleotide sequence 
of deoxyribonucleic acid (DNA), ribonucleic acid (RNA) 
(including ribosomal ribonucleic acid (rRNA), transfer 
RNA, (tRNA), small nuclear (snRNA), telomerase associ- 35 
ated RNA, ribozymes etc.) whose presence is of interest and 
whose presence or absence is to be detected in the hybridi- 
sation assay. The nucleic acid sample of interest will be one 
which is suspected of containing a particular target nucleic 
acid, such as a particular gene, gene segment or RNA. Of 40 
particular interest is the detection of particular mRNAs 
which may be of eukaryotic, prokaryotic, Archae or viral 
origin. Importantly, the invention may assist in the diagnosis 
of various infectious diseases by assaying for particular 
sequences known to be associated with a particular micro- 45 
organism. The target nucleic add may be provided in a 
complex biological mixture of nucleic acid (RNA, DNA 
and/or rRNA) and non-nucleic acid. The target nucleic acids 
of primary preference are RNA molecules and, in particular 
rRNAs such as the 16S or 23S rRNA described in commonly 50 
assigned U.S. patent application Sen No. 08/142,106, which 
is incorporated by reference herein. If target nucleic acids of 
choice are double stranded or otherwise have significant 
secondary and tertiary structure, they may need to be healed 
prior to hybridisation. In this case, healing may occur prior 55 
to or after the introduction of the nucleic acids into the 
hybridi.sation medium containing the capturing probe. It 
may also be desirable in some cases to extract the nucleic 
acids from the complex biological samples prior to the 
hybridisation assay to reduce background interference by go 
any methods known in the art. 

The hybridisation and extraction methods of the present 
invention may be applied to a complex biological mixture of 
nucleic acid (RNA and/or DNA) and non-nucleic acid. Such 
a complex biological mixture includes a wide range of 65 
eukaryotic and prokaryotic cells, including protoplasts; or 
other biological materials which may harbour target nucleic 



acids. The methods are thus appUcable to tissue culture 
animal cells, animal cells (e.g., blood, serum, plasma, 
reticulocytes, lymphocytes, urine, bone marrow tissue, cere- 
brospinal fluid or any product prepared from blood or 
lymph) or any type of tissue biopsy (e.g. a muscle biopsy, a 
liver biopsy, a kidney biopsy, a bladder biopsy, a bone 
biopsy, a cartilage biopsy, a skin biopsy, a pancreas biopsy, 
a biopsy of the intestinal tract, a thymus biopsy, a mammae 
biopsy, an uterus biopsy, a testicular biopsy, an eye biopsy 
or a brain biopsy, homogenized in lysis bufifer), plant cells or 
other cells sensitive to osmotic shock and cells of bacteria, 
yeasts, viruses, mycoplasmas, protozoa, rickettsia, fungi and 
other small microbial cells and the like. The assay and 
isolation procedures of the present invention are useful, for 
instance, for detecting non-pathogenic or pathogenic micro- 
organisms of interest. By detecting specific hybridisation 
between nucleotide probes of a known source and nucleic 
acids resident in the biological sample, the presence of the 
micro-organisms may be established. 

Solutions containing high concentrations of guanidine, 
guanine thiocyanate or certain other chaotropic agents and 
detergents are capable of effectively lysing prokaryotic and 
eukaryotic cells while simultaneously allowing specific 
hybridisation of LNA probes to the released endogenous 
nucleic acid. The solutions need not contain any other 
component other than common buffers and detergents to 
promote lysis and solubilization of cells and nucleic acid 
hybridisation. 

If extraction procedures are employed prior to 
hybridisation, organic solvents such as phenol and chloro- 
form may be used in techniques employed to isolate nucleic 
acid. Traditionally, organic solvents, such as phenol or a 
phenol-chloroform combination are used to extract nucleic 
acid, using a phase separation (Ausubel et. al in Current 
Protocols in Molecular Biology, pub. John Wiley & Sons 
(1998)). These methods may be used effectively with the 
lysis solutions of the present invention; however, an advan- 
tage of the methods of the present invention is that tedious 
extraction methods are not necessary, thus improving the 
performance of high throughput assays. Preferably, the lysis 
buffer/hybridisation medium will contain standard buffers 
and detergents to promote lysis of cells while still allowing 
effective hybridisation of LNA probes. A buffer such as 
sodium citrate, Tris-HCl, PIPES or HEPES, preferably Tris- 
HCl at a concentration of about 0.05 to 0.5M can be used. 
The hybridisation medium will preferably also contain about 
0.05 to 0.5% of an ionic or non-ionic detergent, such as 
sodium dodccylsulphate (SDS) or Sarkosyl (Sigma Chemi- 
cal Co., St. Louis, Mo.) and between 1 and 10 mM EDTA. 
Other additives may also be included, such as volume 
exclusion agents which include a variety of polar water- 
soluble or swellable agents, such as anionic polyacrylate or 
polymethacrylate, and charged saccharidic polymers, such 
asdextran sulphate and the like. Specificity or the stringency 
of hybridisation may be controlled, for instance, by varying 
the concentration and type of chaotropic agent and the NaCl 
concentration which is typically between 0 and IM NaCl, 
such as 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 or LO. 

Chaotropic agents which disturb the secondary and ter- 
tiary structure of proteins, for example, guanidine salts such 
as guanidine hydrochloride (GnHCI) and thiocyanate 
(GnSCN), or urea, lithium chloride and other thiocyanates 
may be used in combination with detergents and reducing 
agents such as beta-mercaploethanol or DTT to dissociate 
natural occurring nucleic acids and inhibit nucleases. The 
use of chaotropic agents in the extraction and hybridisation 
of nucleic acids is described in EP Publication No. 0 127 
327, which is incorporated by reference herein. 
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An LNA substantially complementary to the target 
nucleic acid will be introduced in the hybridisation process. 
The term "an I^A substantially complementary to the target 
nucleic acid" refers to a polynucleotide or oligonucleotide 
containing at least one LNA monomer and a variable num- 5 
ber of naturally occurring nucleotides or their analogues, 
such as 7-deazaguanosine or inosine, sufficiently comple- 
mentary to hybridise with the target nucleic acid such that 
stable and specific binding occurs between the target and the 
complementary nucleic acid under the hybridisation condi- lo 
tions. Therefore, the LNA sequence need not reflect the 
exact sequence of the target nucleic acid. For example, a 
non-complementary nucleotide fragment may be attached to 
a complementary nucleotide fragment or alternatively, non- 
complementary bases or longer sequences can be inter- 15 
spersed into the complementary nucleic acid, provided that 
the complementary nucleic acid sequence has sufiScient 
complementarity with the sequence of the target nucleic acid 
to hybridise therewith, forming a hybridisation complex and 
further is capable of immobilizing the target nucleic acid to 20 
a solid support as will be described in further detail below. 
A capturing probe to bind the released nucleic acids can be 
linked to a group (e.g. biotin, fluorescein, magnetic micro- 
particle etc.). Alternatively, the capturing probe can be 
permanently bound to a solid phase or particle in advance 25 
e.g. by anthraquinone photochemistry (WO 96/31557). 

An attractive possibility of the invention is the use of 
different LNA-oligomers directed against different 
sequences in the genome which are spotted in an array 
format and permanently affixed to the surface (Nature 
Genetics, suppl. vol. 21, January 1999, 1-60 and WO 
96/31557), Such an array can subsequently be incubated 
with the mixture of the lysis buffer/hybridisation medium 
containing dissolved cells and a number of suitable detection 
LNA-probes. The lysis and hybridisation would then be 35 
allowed to occur, and finally the array would be washed and 
appropriately developed. The result of such a procedure 
would be a semi-quantitative assessment of a large number 
of different target nucleic acids. 

As for DNA or RNA the degree of complementarity 
required for formation of a stable hybridisation complex 
(duplex) which includes LNA varies with the stringency of 
the hybridisation medium and/or wash medium. The 
complementary nucleic acid may be present in a pre- 
prepared hybridisation medium or introduced at some later 
point prior to hybridisation. 

The hybridisation medium is combined with the biologi- 
cal sample to facilitate lysis of the cells and nucleic acid 
pairing. Preferably, the volume of biological sample to the 
volume of the hybridisation medium will be about 1:10. 

It is intended and an advantage of the hybridisation 
methods of the present invention that they be carried out in 
one step on complex biological samples. However, minor 
mechanical or other treatments may be considered under 55 
certain circumstances. For example, it may be desirable to 
clarify the lysate before hybridisation such as by slow speed 
centrifugation or filtration or to extract the nucleic acids 
before hybridisation as described above. 

llie hybridisation assay of the present invention can be 60 
performed by any method known to those skilled in the art 
or analogous to immunoassay methodology given the guide- 
lines presented herein. Preferred methods of assay are the 
sandwich assays and variations thereof and the competition 
or displacement assay. Hybridization techniques are gener- 65 
ally described in "Nucleic Acid Hybridization, A Practical 
Approach," Ed. Hamcs, B. D. and Higgins, S. J., IRL Press, 
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1985; Gall and Pardue (1969), Proc. Natl. Acad. Sci., 
U.S.A., 63:378-383; and John, Burasteil and Jones (1969) 
Nature, 223:582-587. Further improvements in hybridisa- 
tion techniques will be well known to the person of skill in 
the art and can readily be applied. 

In this invention the capturing LNA-probe is typically 
attached to a solid surface e.g. the surface of a micro titer tray 
well or a microbead. Therefore a convenient and very 
efficient washing procedure can be performed thus opening 
the possibility for various enzymatically based reactions that 
may add to the performance of the invention. Most note- 
worthy is the possibility that the sensitivity of the hybridi- 
sation assays may be enhanced through use of a nucleic acid 
amplification system which multiplies the target nucleic acid 
being detected. Examples of such systems include the poly- 
merase chain reaction (PGR) system and the ligase chain 
reaction (LCR) system. Other methods recently described 
and known to the person of skill in the art are the nucleic 
acid sequence based amplification (NASBA"^", Cangene, 
Mississauga, Ontario) and Q Beta Replicase systems. PGR 
is a template dependent DNA polymerase primer extension 
method of replicating selected sequences of DNA, The 
method relies upon the use of an excess of specific primers 
to initiate DNA polymerase replication of specific sub- 
sequences of a DNA polynucleotide followed by repeated 
denaturation and polymerase extension steps. The PGR 
system is well known in the art (see U.S. Pat. Nos. 4,683,195 
and 4,683,202). For additional information regarding PGR 
methods, see also PGR Protocols: A Guide to Methods and 
Applications, ed. Innis, Gelland, Shinsky and While, Aca- 
demic Press, Inc. (1990). Reagents and hardware for con- 
ducting PGR are available commercially through Perkin- 
Elmer/Getus Instruments of Norwalk, Gonn. 

LGR, like PGR, uses multiple cycles of alternating tem- 
perature to amplify the numbers of a targeted sequence of 
DNA. LGR, however, does not use individual nucleotides 
for template extension. Instead, LGR relies upon an excess 
of oligonucleotides which are complementary to both 
strands of the target region. Following the denaturation of a 
double stranded template DNA, the LGR procedure begins 
with the ligation of two oligonucleotide primers comple- 
mentary to adjacent regions on one of the target strands. 
Oligonucleotides complementary to either strand can be 
joined. After ligation and a second denaturation step, the 
original template strands and the two newly joined products 
serve as templates for additional ligation to provide an 
exponential amplification of the targeted sequences. 

This method has been detailed in Genomics, 4:560-569 
(1989), which is incorporated herein by reference. As other 
amplification systems are developed, they may also find use 
in this invention. 

The hybridisation medium and processes of the present 
invention are uniquely suited to a one -step assay. The 
medium may be pre-prepared, either commercially or in the 
laboratory to contain all the necessary components for 
hybridisation. For instance, in a sandwich assay the medium 
could comprise a chaotropic agent (e.g. guanidine 
thiocyanate), desired buffers and detergents, a capturing 
LNA-probe bound to a solid support such as a microbead, 
and a detecting nucleic acid which could also be an LNA. 
This medium then only needs to be combined with the 
sample containing the target nucleic acid at the time the 
assay is to be performed. Once hybridisation occurs the 
hybridisation complex attached lo the solid support may be 
washed and the extent of hybridisation determined. 

Sandwich assays arc commercially useful hybridisation 
assays for detecting or isolating nucleic acid sequences. 
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Such assays utilize a "capturing" nucleic acid covalently 
immobilized to a solid support and labelled "signal" nucleic 
acid in solution, llie sample will provide the target nucleic 
acid. The "capturing" nucleic acid and "signal" nucleic acid 
probe hybridise with the target nucleic acid to form a 
"sandwich" hybridisation complex. To be effective, the 
signal nucleic acid is designed so that it cannot hybridise 
with the capturing nucleic acid, but will hybridise with the 
target nucleic acid in a different position than the capturing 
probe. 

Virtually any solid surface can be used as a support for 
hybridisation assays, including metals and plastics. Two 
types of solid surfaces are generally available, namely: 

a) Membranes, polystyrene beads, nylon. Teflon, 
polystyrene/latex beads, latex beads or any solid sup- 
port possessing an activated carboxylate, sulfonate, 
phosphate or similar activatable group are suitable for 
use as solid surface substratum to which nucleic acids 
or oligonucleotides can be immobilized. 

b) Porous membranes possessing pre-activated surfaces 
which may be obtained commercially (e.g., Pall Immu- 
nodyne ImmunoafiBnity Membrane, Pall BioSupport 
Division, East Hills, N.Y., or Immobilon Affinity mem- 
branes from Millipore, Bedford, Mass.) and which may 
be used to immobilize capturing oligonucleotides. 
Microbe ads, including magnetic beads, of polystyrene, 
teflon, nylon, silica or latex may also be used. 

However, use of the generally available surfaces men- 
tioned in a) and b) often creates background problems, 
especially when complex mixtures of nucleic acids and 
various other dissolved bio-molecules are analysed by 
hybridisation. A significant decrease in the background has 
been obtained when the catching-probe is covalently 
attached to solid surfaces by the anthraquinone (AQ) based 
photo-coupling method described in the art (see WO 
96/31557). This method allows the covalent attachment of 
the catching LNA-oligo to the surface of most polymer 
materials — including various relatively thermostable poly- 
mers such as polycarbonate and polyethylene — as well as 
treated glass surfaces. Thus by use of the AQ photo-coupling 
method, the capturing LNA-probe can be attached to sur- 
faces of containers that is compatible with present days PGR 
amplification techniques. 

Sequences suitable for capturing or signal nucleic acids 
for use in hybridisation assays can be obtained from the 
entire sequence or portions thereof of an organism's 
genome, from messenger RNA, or from cDNA obtained by 
reverse transcription of messenger RNA. Methods for 
obtaining the nucleotide sequence from such obtained 
sequences are well known in the art (see Ausubel et. al in 
Current Protocols in Molecular Biology, pub. John Wiley & 
Sons (1998), and Sambrook et al. in Molecular Cloning, A 
Laboratory Manual, Cold Spring Habor Laboratory Press, 
1989). Furthermore, a number of both public and commer- 
cial sequence databases are accessible and can be 
approached to obtain the relevant sequences. 

Once the appropriate sequences are determined, LNA 
probes are preferably chemically synthesized using com- 
mercially available methods and equipment as described in 
the art (Tetrahedron, 1998, 54, 3607-30.). For example, the 
solid phase phosphoramidite method can be used to produce 
short LNA probes. (Caruthers et al., Cold Spring Harbor 
Symp. Quant. Biol., 47:411^18 (1982), and Adams et al., J. 
Am. Chem. Soc, 105:661 (1983). 

When synthesizing a probe for a specific target, the choice 
of nucleotide sequence will determine the specificity of the 
test. For example, by comparing DNA sequences from 
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several virus isolates, one can select a sequence for virus 
detection that is either type specific or genus specific. 
Comparisons of DNA regions and sequences can be 
achieved using commercially available computer pro- 
5 grammes. 

The determination of the extent of hybridisation may be 
carried out by any of the methods well-known in the art. If 
there is no detectable hybridisation, the extent of hybridi- 
sation is thus 0. Typically, labelled signal nucleic acids are 

JO used to detect hybridisation. Complementary nucleic acids 
or signal nucleic acids may be labelled by any one of several 
methods typically used to detect the presence of hybridised 
polynucleotides. The most common method of detection is 
the use of ligands which bind to labelled antibodies, fluo- 

15 rophores or chemiluminescent agents. However, probes may 
also be labelled with ^H, '^^I, ^^S ^'*C, ^^P or ^^P and 
subsequently detected by autoradiography. The choice of 
radioactive isotope depends on research preferences due to 
ease of synthesis, varying stability, and half lives of the 

20 selected isotopes. Other labels include antibodies which can 
serve as specific binding pair members for a labelled ligand. 
The choice of label depends on sensitivity required, ease of 
conjugation with the probe, stability requirements, and 
available instrumentation. 

25 LNA-probes are typically labelled during synthesis. The 
flexibility of the phosphoramidite synthesis approach fur- 
thermore facilitates the easy production of LNAs carrying 
all commercially available linkers, fluorophorcs and 
labelling-molcculcs available for this standard chemistry. 

30 LNA may also be labelled by enzymatic reactions e.g. by 
kinasing. 

Situations can be envisioned in which the detection 
probes are DNA or RNA. Such probes can be labelled in 
various ways depending on the choice of label. Radioactive 

35 probes are typically made by using commercially available 
nucleotides containing the desired radioactive isotope. The 
radioactive nucleotides can be incorporated into probes by 
several means such as by nick translation of double-stranded 
probes; by copying single-stranded M13 plasm ids having 

40 specific inserts with the Klenow fragment of DNA poly- 
merase in the presence of radioactive dNTP; by transcribing 
cDNA from RNA templates using reverse transcriptase in 
the presence of radioactive dNTP; by transcribing RNA 
from vectors containing SP6 promoters or T7 promoters 

45 using SP6 or '17 RNA polymerase in the presence of 
radioactive rNTP; by tailing the 3' ends of probes with 
radioactive nucleotides using terminal transferase; or by 
phosphorylation of the 5' ends of probes using p^P]-ATP 
and polynucleotide kinase. 

50 Non-radioactive probes are often labelled by indirect 
means. Generally, a ligand molecule is covalently bound to 
the probe. Ulie ligand then binds to an anti-ligand molecule 
which is either inherently detectable or covalently bound to 
a signal system, such as a detectable enzyme, a fluorescent 

55 compound, or a chemiluminescent compound. Ligands and 
antiligands may be varied widely. Where a ligand has a 
natural anti-ligand, for example, biotin, thyroxine, and 
Cortisol, it can be used in conjunction with the labelled, 
naturally occurring anti-Iigands. Alternatively, any haptenic 

60 or antigenic compound can be used in combination with an 
antibody. 

As is the case of DNA, LNA-probes can also be conju- 
gated directly to signal generating compounds, e.g., by 
conjugation with an enzyme or fluorophore. Enzymes of 
65 interest as labels will primarily be hydrolases, particularly 
phosphatases, esterases and glycosidases, or 
oxidoreductascs, particularly peroxidases. Fluorescent com- 
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pounds include fluorescein and its derivatives, rhodamine In the present context, the terna "label" thus means a 

and its derivatives, dansyl, umbelliferone, etc. Chemilumi- group which is detectable either by itself or as a part of an 

nescent compounds include luciferin, AMPPD ([3-(2'- detection series. Examples of functional parts of reporter 

spiroamantane)4-methoxy4-{3'-phosphoryloxy)-phenyl-l,2- groups are biotin, digoxigenin, fluorescent groups (groups 

dioxetane]) and 2,3-dihydrophthalazinediones, e.g., 5 which are able to absorb electromagnetic radiation, e.g. light 

luminol. or X-rays, of a certain wavelength, and which subsequently 

The amount of labelled probe which is present in the reemits the energy absorbed as radiation of longer wave- 
hybridisation niedium or extraction solution may vary length; illustrative examples are dansyl (5-dimethylamino) - 
widely. Generally, substcmtial excesses of probe over the 1 .aaphthalenesulfonyl), DOXYL (N-oxyl4,4- 
stoichionaetric amount of the taig^^^^ dimethyloxazolidine), PROXYL (N-oxyl-2,2,5,5- 
employed to enhance the rate of bmding of the probe to the , , , \ r^r^xMnr^ /kt 1 ^ ^ 
target DNA. Treatment with ultrasound by immersion of the tetramethylpyrrolidine), TEMPO (N-oxyl-2,2,6.6- 
reaction vessel into commercially available sonication baths tetramethylpipendine), dmitrophenyl, acndmes, coumanns, 
can often accelerate the hybridisation rates. py^/"^ Cy5 (trademarks for Biologica Detection Systems, 

After hybridisation at a temperature and time period erytrosine, coumanc acid, umbelliferone, Texas Red, 
appropriate for the particular hybridisation solution used, the rhodamine, tetramethyl rhodamine, Rox, 7-nitrobenzo-2- 
support to which the capturing LNA-probe: target nucleic oxa-l-diazole (NBD), pyrene, fluorescein. Europium, 
acid hybridisation complex is attached is introduced into a Ruthenium, Samarium, and other rare earth metals), radio- 
wash solution typically containing similar reagents (e.g., isotopic labels, chemiluminescence labels (labels that are 
sodium chloride, buffers, organic solvents and detergent), as detectable via the emission of light during a chemical 
provided in the hybridisation solution. These reagents may 20 reaction), spin labels (a free radical (e.g. substituted organic 
be at similar concentrations as the hybridisation medium, nitroxides) or other paramagnetic probes (e.g. Cu^, Mg^"*") 
but often they are at lower concentrations when more bound to a biological molecule being detectable by the use 
stringent washing conditions are desired. The time period for of electron spin resonance spectroscopy), enzymes (such as 
which the support is maintained in the wash solutions may peroxidases, alkaline phosphatases, p-galactosidases, and 
vary from minutes to several hours or more. 25 glycose oxidases), antigens, antibodies, haptens (groups 

Either the hybridisation or the wash medium can be which are able to combine with an antibody, but which 

stringent. After appropriate stringent washing, the correct cannot initiate an immune response by themselves, such as 

hybridisation complex may now be detected in accordance peptides and steroid hormones), carrier systems for cell 

with the nature of the label. membrane penetration such as: fatty acid residues, steroid 

The probe may be conjugated directly with the label. For 30 moieties (cholesteryl), vitamin A, vitamin D, vitamin E, 
example, where the label is raioactive, the probe with folic acid peptides for specific receptors, groups for medi- 
associated hybridisation complex substrate is exposed to ating endocytose, epidermal growth factor (EGF), 
X-ray film. Where the label is fluorescent, the sample is bradykinin, and platelet derived growth factor (PDGF). 
detected by first irradiating it with light of a particular Especially interesting examples are biotin, fluorescein, 
wavelength. The sample absorbs this light and then emits 35 Texas Red, rhodamine, dinitrophenyl, digoxigenin, 
light of a different wavelength which is picked up by a Ruthenium, Europium, Cy5, Cy3, etc. 
detector (Physical Biochemistry, Freifelder, D., W. H. Free- In regard to the isolation of RNA, it has been described 
man & Co. (1982), pp. 537-542). Where the label is an (U.S. Pat. No. 5,376,529) that a chaotropic agent, such as a 
enzyme, the sample is detected by incubation on an appro- salt of isothiocyanate (e.g. guanidine thiocyanate) does not 
priate substrate for the enzyme. The signal generated may be 40 provide for the complete disruption of protein and nucleic 
a coloured precipitate, a coloured or fluorescent soluble acid interactions, and thus prevents optimal hybridisation. A 
material, or photons generated by bioluminescence or significant increase in hybridisation was reported to occur 
chemiluminescence. The preferred label for probe assays when heat is applied to the hybridisation solution containing 
generates a coloured precipitate to indicate a positive the chaotropic agent and target nucleic acid. Previously, 
reading, e.g. horseradish peroxidase, alkaline phosphatase, 45 researchers have attempted to keep hybridisation tempera- 
calf intestine alkahne phosphatase, glucose oxidase and tures low to maintain stability of the reactants. See Cox et 
beta-gal actosidase. For example, alkaline phosphatase will al., EP Application No. 84302865.5. However, the signifi- 
dephosphorylate indoxyl phosphate which will then partici- cantly increased thermal stability of LNA/DNA and LNA/ 
pate in a reduction reaction to convert tetrazolium salts to RNA heteroduplexes makes hybridisation with LNA-probes 
highly coloured and insoluble formazans, 50 feasible at elevated temperatures. Thus the present invention 

Detection of a hybridisation complex may require the provides a method for increasing the sensitivity of ribo- 
binding of a signal generating complex to a duplex of target nucleic acid detection assays and for simplifying the steps of 
and probe polynucleotides or nucleic acids. Typically, such the assays. I'he processes for conducting nucleic acid 
binding occurs through ligand and anti-ligand interactions as hybridisations wherein the target nucleic acid is RNA corn- 
between a ligand-conjugated probe and an anti-ligand con- 55 prise heating a nucleic acid solution or sample to an elevated 
jugated with a signal. The binding of the signal generation temperature e.g. 70-100° C. as described in the art (U.S. Pat. 
complex is also readily amenable to accelerations by expo- No. 5,376,529). The nucleic acid solution of the present 
sure to ultrasonic energy. invention will comprise a chaotropic agent, a target nucleic 

The label may also allow indirect detection of the hybridi- acid, and an LNA substantially complementary to the target 

sation complex. For example, where the label is a hapten or 60 nucleic acid of interest. ITie nucleic acid solution will be 

antigen, the sample can be detected by using antibodies. In heated to fully disrupt the protein and nucleic acid interac- 

these systems, a signal is generated by attaching fluorescent tions to maximize hybridisation between the LNA and its 

or enzyme molecules to the antibodies or in some cases, by target. 

attachment to a radioactive label. (Tijssen, P., "Practice and When very high affinity LNA probes are used, hybridi- 

Theory of Enzyme Immunoassays," Laboratory Techniques 65 sation may take place even at the increased temperature 

in Biochemistry and Molecular Biology, Burdon, R. H,, van needed to fully disrupt DNA: DNA and DNA:RNA interac- 

Knippcnberg, P. H., Eds., Elsevier (1985), pp. 9-20.) tions. The solution is then cooled until the complementary 
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nucleic acid has hybridised with the target nucleic acid to 
form a hybridisation complex. 

These methods are additionally advantageous because 
they allow for minima! handhng of the samples and assay 
reagents. A ready-to-use reagent solution may be provided, 5 
for example, which would contain a chaotropic agent, other 
appropriate components such as buffers or detergents, a 
capturing LNA-probe bound to a solid support, and a signal 
or detection LNA (or nucleic acid), both capable of hybri- 
dising with a target nucleic acid. Conveniently, a complex 10 
biological sample suspected of harbouring a target nucleic 
acid can be directly combined with the pre -prepared reagent 
for hybridisation, thus allowing the hybridisation to occur in 
one step. The combined solution is heated as described 
herein and then cooled until hybridisation has occurred. The 15 
resulting hybridisation complex is then simply washed to 
remove unhybridised material, and the extent of hybridisa- 
tion is determined. 

Kits for the extraction of and hybridisation of nucleic 
acids, e.g. mRNA, are also contemplated. Such kits would 20 
contain at least one vial containing an extraction solution or 
a hybridisation medium which comprises a strong chaotro- 
pic agent and a capturing LNA-probe bound to a solid 
support. Detergents, buffer solutions and additional vials 
which contain components to detect target nucleic acids may 25 
also be included. 

When used herein, the terms "LNA" or "capturing LNA- 
probe" refer to oligomers comprising at least one nucleoside 
analogue of the general formula I 

30 

I 




35 



wherein 

X is selected from — O— , , — N(R^*)— , — CR*^ 
B is selected from nucleobases; 

P designates the radical position for an intemucleoside 45 
linkage to a succeeding monomer, or a 5*-terminal 
group, such intemucleoside Unkage or 5'-terminal 
group optionally including the substituent R^; 
R^ or R^'is P* which designates an intemucleoside link- 
age to a preceding monomer, or a 3'-terminal group; 50 
R'^'and R^* together designate a biradical consisting of 
1-4 groups/atoms selected from — C(R''R^) — , 
_C(R'')=C(R")— — C(R")=N— , ^O— , — SiCR'Os 
— , — S— , ^O^— , — N(R'')— , and>C=Z, 
wherein Z is selected from — 0 — , — S — , and — N{R") — , 55 
and R** and R*" each is independently selected from 
hydrogen, optionally substituted C^.ij-alkyl, optionally sub- 
stituted C2.32-alkenyl, optionally substituted C2.i2-alkynyl, 
hydroxy, Ci.3 2-^lkoxy, C2.i2-alkenyloxy, carboxy, €^,^2' 
alkoxycarbonyl, Ci.i2~3l^ylc^rbonyl, formyl, aryl, 60 
aryloxycarbonyl, aryloxy, arylcarbonyl, heteroaryl, 
heteroaryloxy-carbonyl, heteroaryloxy, heteroarylcarbonyl, 
amino, mono- and di(Ci.galkyl)amino, carbamoyl, mono- 
and di(Ci.g-alkyl)-amino-carbonyl, amino-C^.g-alkyl)- 
aminocarbonyl, mono- and di(Ci.6-alkyl)amino-Ci.6-alkyl) 65 
amino-Ci.g-alkyl-aminocarbonyl, C^.g-alkyl- 
carbonylamino, carbamido, C^.g-alkanoyloxy, sulphono. 
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Ci.g-alkylsulphonyloxy, nitro, azido, sulphanyl, C^.^- 
alkylthio, halogen, DNA intercalators, photochemically 
active groups, thermochemically active groups, chelating 
groups, reporter groups, and ligands, where aryl and het- 
eroaryl may be optionally substituted, and where two gemi- 
nal substituents R° and R**together may designate optionally 
substituted methylene (=CH2, optionally substituted one or 
two times with substituents as defined as optional substitu- 
ents for aryl); and 

each of the substituents R^*, R^, R^ R^", R^ R^', R^ and 
R*** which arc present and not involved in P or P*, is 
independently selected from hydrogen, optionally sub- 
stituted Ci.i2-alkyl, optionally substituted €2.12' 
alkenyl, optionally substituted C2.i2"^l^y°yl» hydroxy, 
C3.j2-alkoxy, C2.i2-alkenyloxy, carboxy, €^.^2' 
alkoxycarbonyl, C^.i2-alkylcarbonyl, formyl, aryl, 
aryloxy-carbonyl, aryloxy, arylcarbonyl, heteroaryl, 
heteroaryloxy-carbonyl, heteroaryloxy, 
heteroarylcart)onyl, amino, mono- and di(Ci.6-alkyl) 
amino, carbamoyl, mono- and di(Ci.galkyl)-amino- 
carbonyl, amino-C^.g-alkyl-aminocarbonyl, mono- and 
di(Ci.g-alkyl)amino-C-i.g-alkyl-aminocarbonyl, C^.^- 
alkyl-carbonylamino, carbamido, C^^g-alkanoyloxy, 
sulphono, Cj.g-alkylsulphonyloxy, nitro, azido, 
sulphanyl, C^.g-alkylthio, halogen, DNA intercalators 
photochemically active groups, thermochemically 
active groups, chelating groups, reporter groups, and 
ligands (where the latter groups may include a spacer as 
defined for the substituent B), where aryl and het- 
eroaryl may be optionally substituted, and where two 
geminal substituents together may designate 0x0, 
thioxo, imino, or optionally substituted methylene, or 
together may form a spiro biradical consisting of a 1-5 
carbon atom(s) alkylene chain which is optionally 
interrupted and/or terminated by one or more 
heteroatoms/groups selected from — O — , — S — , and 
— (NR^ — where R^ is selected from hydrogen and 
Ci.4-alkyl, and where two adjacent (non-geminal) sub- 
stituents may designate an additional bond resulting in 
a double bond; and R^*, when present and not involved 
in a biradical, is selected from hydrogen and C-i.4-alkyl; 
and basic salts and acid addition salts thereof. 
When used herein, the term "LNA" (Locked Nucleoside 
Analogues) refers to the bi-cyclic nucleoside analogues 
incorporated in the oligomer (general formula 1). 

In the present context, the term "nucleobase" covers 
naturally occurring nucleobases as well as non-naturally 
occurring nucleobases. It should be clear to the person 
skilled in the art that various nucleobases which previously 
have been considered "non-naturally occurring** have sub- 
sequently been foimd in nature. Thus, "nucleobase" includes 
not only the known purine and pyrimidine heterocycles, but 
also heterocyclic analogues and tautomers thereof. Illustra- 
tive examples of nucleobases are adenine, guanine, thymine, 
cytosine, uracil, purine, xanthine, diaminopurine, 8-oxo-N*- 
methyladenine, 7-deazaxanthine, 7-deazaguanine, N'^jN'*- 
ethanocytosine, N"^, N^-ethano-2,6-diaminopurine, 
5-methylcytosine, 5-(C^ — C*)-alkynylcytosine, 
5-fluorouracil, 5-bromouracil, pseudoisocytosine, 
2-hydroxy-5-methyl4-triazolopyridine, isocytosine, 
isoguanine, inosine and the "non-naturally occurring" 
nucleobases described in Benner et al., U.S. Pat. No. 5,432, 
272. The term "nucleobase" is intended to cover every and 
all of these examples as well as analogues and tautomers 
thereof. Especially interesting nucleobases are adenine, 
guanine, thymine, cytosine, and uracil, which are considered 
as the naturally occurring nucleobases in relation to thera- 
peutic and diagnostic applications in humans. 
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When used herein, the lerm "DNA intercalator" means a 
group which can intercalate into a DNA or RNA helix, 
duplex or triplex. Examples of functional parts of DNA 
intercalators are acridines, anthracene, quinones such as 
anthraquinone, indole, quinolinc, isoquincline, 5 
dihydroquinoQcs, anthracyclines, tetracyclines, methylene 
blue, anthracyclinone, psoralens, coumarins, ethidium- 
halides, dynemicin, metal complexes such as 1,10- 
p he nan thro line-copper, tris(4,7-diphenyl-l ,10- 
phenanthroline)ruthenium-cobalt-enediynes such as lO 
calcheamicin, porphyrins, distamycin, netropcin, viologen, 
daunomycin. Especially interesting examples are acridines, 
quinones such as anthraquinone, methylene blue, psoralens, 
coumarins, and ethidium-halides. 

In the present context, the term "pholochemically active 15 
groups" covers compounds which are able to undergo 
chemical reactions upon irradiation with light. Illustrative 
examples of functional groups hereof are quinones, espe- 
cially 6-methyl-l,4-naphthoquinone, anthraquinone, 
naphthoquinone, and 1,4-dimethyl-anthraquinone, 20 
diazirines, aromatic azides, benzophc nones, psoralens, diazo 
compounds, and diazirino compounds. 

In the present context "thermochemically reactive group" 
is defined as a functional group which is able to undergo 
thermochemically induced covalent bond formation with 25 
other groups. Illustrative examples of functional parts of 
thermochemically reactive groups are carboxylic acids, car- 
boxylic acid esters such as activated esters, carboxylic acid 
halidcs such as acid fluorides, acid chlorides, acid bromide, 
and acid iodides, carboxylic acid azides, carboxylic acid 30 
hydrazides, sulfonic acids, sulfonic acid esters, sulfonic acid 
halides, semicarbazides, thiosemicarbazides, aldehydes, 
ketones, primary alcohols, secondary alcohols, tertiary 
alcohols, phenols, alkyl halides, thiols, disulphides, primary 
amines, secondary amines, tertiary amines, hydrazines, 35 
epoxides, malcimidcs, and boronic acid derivatives. 

In the present context, the term "chelating group" means 
a molecule that contains more than one binding site and 
frequently binds to another molecule, atom or ion through 
more than one binding site at the same time. Examples of 40 
functional parts of chelating groups are iminodiacetic acid, 
nitrilotriacetic acid, ethylenediamine tetraacetic acid 
(EDTA), aminophosphonic acid, etc. 

In the present context "ligand" means something which 
binds. Ligands can comprise functional groups such as: 45 
aromatic groups (such as benzene, pyridine, naphthalene, 
anthracene, and phenanthrene), heteroaromatic groups (such 
as thiophene, furan, tetrahydrofuran, pyridine, dioxane, and 
pyrimidine), carboxylic acids, carboxylic acid esters, car- 
boxylic acid halides, carboxylic acid azides, carboxylic acid 50 
hydrazides, sulfonic acids, sulfonic acid esters, sulfonic acid 
halides, semicarbazides, thiosemicarbazides, aldehydes, 
ketones, primary alcohols, secondary alcohols, tertiary 
alcohols, phenols, alkyl halides, thiols, disulphides, primary 
amines, secondary amines, tertiary amines, hydrazines, 55 
epoxides, maleimides, — C^o alkyl groups optionally 
interrupted or terminated with one or more heteroatoms such 
as oxygen atoms, nitrogen atoms, and/or sulphur atoms, 
optionally containing aromatic or mono/polyunsaturated 
hydrocarbons, polyoxyethylene such as polyethylene glycol, 60 
oligo/polyamides such as poly-p-alanine, polyglycine, 
polylysine, peptides, oligo/polysaccharides, oligo/ 
polyphosphates, toxins, antibiotics, cell poisons, and 
steroids, and also "affinity ligands", i.e. functional groups or 
biomolecules that have a specific affinity for sites on par- 65 
ticular proteins, antibodies, poly- and oligosaccharides, and 
other biomolecules. 
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It wiU be clear for the person skilled in the art that the 
above-mentioned specific examples of DNA intercalators, 
photochemically active groups, thermochemically active 
groups, chelating groups, reporter groups, and ligands cor- 
respond to the "active/functional" part of the groups in 
question. For the person skilled in the art it is furthermore 
clear that DNA intercalators, photochemically active groups, 
thermochemically active groups, chelating groups, reporter 
groups, and ligands are typically represented in the form 
M — K — ^where M is the "active/functional" part of the group 
in question and where K is a spacer through which the 
"active/functional" part is attached to the 5- or 6-membered 
ring. Thus, it should be understood that the group B, in the 
case where B is selected from DNA intercalators, photo- 
chemically active groups, thermochemically active groups, 
chelating groups, reporter groups, and ligands, has the form 
M — K — , where M is the "active/functional" part of the 
DNA intercalator, photochemically active group, thermo- 
chemically active group, chelating group, reporter group, 
and ligand, respectively, and where K is an optional spacer 
comprising 1-50 atoms, preferably 1-30 atoms, in particular 
1-15 atoms, between the 5- or 6-membered ring and the 
"active/functional" part. 

In the present context, the term "spacer" means a ther- 
mochemically and photochemically non-active distance - 
making group which is used to join two or more different 
moieties of the types defined above. Spacers are selected on 
the basis of a variety of characteristics including their 
hydrophobicity, hydrophilicity, molecular flexibility and 
length (e.g. see Hermanson et. al., "Immobilized Affinity 
Ligand Techniques", Academic Press, San Diego, Calif. 
(1992), p. 137-ff). Generally, the length of the spacers is less 
than or about 400 A, in some applications preferably less 
than 100 A. The spacer, thus, comprises a chain of carbon 
atoms optionally interrupted or terminated with one or more 
heteroatoms, such as oxygen atoms, nitrogen atoms, and/or 
sulphur atoms. Thus, the spacer K may comprise one or 
more amide, ester, amino, ether, and/or thioether 
functionalities, and optionally aromatic or mono/ 
polyunsaturated hydrocarbons, polyoxyethylene such as 
polyethylene glycol, oligo/polyamides such as poly-p- 
alanine, polyglycine, polylysine, and peptides in general, 
oligosaccharides, oligo/polyphosphates. Moreover the 
spacer may consist of combined units thereof. The length of 
the spacer may vary, taking into consideration the desired or 
necessary positioning and spatial orientation of the "active/ 
functional" part of the group in question in relation to the 5- 
or 6-membered ring. In particularly interesting 
embodiments, the spacer includes a chemically cleavable 
group. Examples of such chemically cleavable groups 
include disulphide groups cleavable under reductive 
conditions, peptide fragments cleavable by peptidases, etc. 

In one variant, K designates a single bond so that the 
"active/functional" part of the group in question is attached 
directly to the 5- or 6-membered ring. 

In a preferred embodiment, the substituent B in the 
general formulae I and II is preferably selected from 
nucleobases, in particular from adenine, guanine, thymine, 
cytosine and uracil. 

In the oligomers (formula I), P designates the radical 
position for an interaucleoside linkage to a succeeding 
monomer, or a 5 '-terminal group. The first possibility applies 
when the LNAin question is not the 5'-terminal "monomer", 
whereas the latter possibility applies when the LNA in 
question is the 5'-terminal "monomer". It should be under- 
stood (which will also be clear from the definition of 
intcrnucleoside linkage and 5'-terminal group further below) 
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that such an interaucleoside linkage or 5*-lermmal group ^— Y — (CR*R*)^— Y— , — Y — (CR*R*)^^, — ^Y — . — Y — 

may include the substituent R^ (or equally applicable: the (CR*R*)^— Y— (CR*R*)^— , — -(CR*R*)^^,— — Y— 

substituent R'*) thereby forming a double bond to the group — ^Y — Y — , wherein each Y is independently selected from 

P. (5'-Terminal refers to the position corresponding to the 5' — 0 — , — S — , — Si(R*)2 — , — N(R*) — , >C«0, 

carbon atom of a ribose moiety in a nucleoside.) 5 — C(==0) — N(R*) — , and — ^N(R*) — C(=0) — , wherein 

On the other hand, an intemuclcoside linkage to a pre- each R* is independently selected from hydrogen, halogen, 

ceding monomer or a 3'-terminal group (P*) may originate azido, cyano, nitro, hydroxy, mercapto, amino, mono- or 

from the positions defined by one of the substituents R^ or di(Ci.g-alkyl)amino, optionally substituted C^.^-alkoxy, 

R^', preferably from the positions defined by the substitu- optionally substituted C^.^-alkyl, DNA intercalators, photo- 

ents R^'. (3'-Terminal refers to the position corresponding to lO chemically active groups, thermochemically active groups, 

the 3' carbon atom of a ribose moiety in a nucleoside,) chelating groups, reporter groups, and ligands, and/or two 

It should be understood that the orientation of the group adjacent (non-geminal) R* may together designate a double 

P* either as R^* ("normal" configuration) or as R^ (xylo bond; and each of rand sis 0-4 with the proviso that the sum 

configxu'ation) represents two equally interesting possibili- r+s is 1-4. Particularly interesting situations are those 

ties, it has been found that all-"normar' (R^'=P*) oligo- 15 wherein the biradical is selected from — Y — , — (CR*R*)^^, 

mers and oUgomers with combinations of "normal" LNA — , — (CR*R*)^— Y— <CR*R*)^— , and — Y— {CR*R*)^^^ 

monomers and nucleotides (2-deoxynucleotides and/or — Y — , wherein and each of r and s is 0-3 with the proviso 

nucleotides) hybridise strongly (with increasing afi5nily) to that the sum r+s is 1-4. 

DNA, RNA and other LNA oligomers. It is presently Particularly interesting oligomers are those wherein R^* 
believed that combination of all-xylo LNA oligomers and 20 and R'** in at least one LNA in the oligomer together 
oligomers with xylo LNA (R^=P*) monomers and, e.g., designate a biradical selected from — O — , — S — , 
xylo nucleotides (nucleotides and/or 2-deoxynucleotides) — N(R*)— , — (CR*R*)^^,^j — , — (CR*R*)^ — 0— 
wiU give rise to comparable hybridisation properties. It has (CR*R*),— , — (CR*R*)^— S— (CR*R*)^— , — {CR*R*)^ 
been shown that an oligomer with "normal" configuration --N(R*)--(CR*R*)^.— , — 0— (CR*R*)^^^. — O— 
(r3"=P*) will give rise to an anti-parallel orientation of an 25 (CR*R*)^^— O— , O— (CR*R*)^^^--S— , — N(R*)— 
LNA oligomer when hybridised (with increasing affinity) to (CR*R*)^^— O— — O— (CR*R*),^^— N(R*)— , — S— 
either DNA, RNA or another LNA oligomer. It is thus (CR*R*)^^^— -S— , — N(R*)— (CR*R*)^^^— N(R*)— , 
contemplated that an oligomer with xylo configuration — N(R*)--(CR*R*)^^^— S— , and — S — (CR*R*)^,— N 
(R^=P*) will give rise to a parallel orientation when (R*)— • 

hybridised to DNA, RNA or another LNA. 30 It is furthermore preferred that one R* is selected from 

In view of the above, it is contemplated that the combi- hydrogen, hydroxy, optionally substituted C^.^-alkoxy, 
nation of "normal" LNAs and xylo-LNAs in one oligomer optionally substituted C^.^-alkyl, DNA intercalators, photo- 
can give rise to interesting properties as long as these chemically active groups, thermochemically active groups, 
monomers of different type are located in domains, i.e. so chelating groups, reporter groups, and ligands, and any 
that an uninterrupted domain of at least 5, such as at least 10, 35 remaining substituents R* are hydrogen, 
monomers (e.g. xylo-LNA, xylo-nuclcotides, etc. In one preferred variant, one group R* in the biradical of 
monomers) is followed by an uninterrupted domain of at at least one LNA is selected from DNA intercalators, pho- 
least 5, e.g. at least 10, monomers of the other type (e.g. tochemically active groups, thermochemically active 
"normal" LNA, "normal" nucleotides, etc.), etc. Such chi- groups, chelating groups, reporter groups, and ligands 
meric type oligomers may, e.g., be used to capture nucleic 40 (where the latter groups may include a spacer as defined for 
acids. the substituent B). 

In the present context, the term "monomer" relates to Preferably, each of the substituents R^*, R^, R^, R^*, R^, 

naturally occurring nucleosides, non-naturally occurring R^*, R* and R*** of the LNA(s), which are present and not 

nucleosides, PNAs, etc. as well as LNAs. Thus, the term involved in P or P*, is independently selected from 

"succeeding monomer" relates to the neighbouring mono- 45 hydrogen, optionally substituted C^.g-alkyl, optionally sub- 

mer in the 5*-terminal direction and the "preceding mono- stituted Cj.e-alkenyl, hydroxy, C^.g-alkoxy, Cj.e- 

mer** relates to the neighbouring monomer in the 3*-terminal alkenyloxy, carboxy, C^.^-alkoxycarbonyl, C^.g- 

direction. Such succeeding and preceding monomers, seen alkylcarbonyl, formyl, amino, mono- and di(C3.6-alkyl) 

from the position of an LNA monomer, may be naturally amino, carbamoyl, mono- and di(Cj,g-alkyl)-amino- 

occurring nucleosides or non-naturally occurring 50 carbonyl, C^.g-alkyl-carbonylamino, carbamido, azido, 

nucleosides, or even further LNA monomers. C^.g-alkanoyloxy, sulphono, sulphanyl, C^.g-alkylthio, DNA 

Consequently, in the present context (as can be derived intercalators, photochemically active groups, thermochemi- 

from the definitions above), the term "oligomer" means an cally active groups, chelating groups, reporter groups, and 

oligonucleotide modified by the incorporation of one or ligands, and halogen, where two geminal substituents 

more LNA(s). 55 together may designate oxo, and where R^*, when present 

In the present context, the orientation of the biradical and not involved in a biradical, is selected from hydrogen 

(R^* — R'**) is so that the left-hand side represents the and Ci.4-alkyl. 

substituent with the lowest number and the right-hand side In a preferred variant of the LNAs, X is selected from 

represents the substituent with the highest number, thus, — 0 — , — S — , and — NR^* — , in particular — O — , and 

when R^' and R'** together designate a biradical " — 0 — 60 each of the substituents R^^R^R^,R^^R^, R'*, R* and R** 

CHj — ", it is understood that the oxygen atom represents of the LNA(s), which are present and not involved in P or 

R^', thus the oxygen atom is e.g. attached to the position of P*, designates hydrogen. 

R^', and the methylene group represents R"*'. In an even more preferred variant, X is O, R^ is selected 

Considering the numerous interesting possibilities for the from hydrogen, hydroxy, and optionally substituted 

structure of the biradical (R^* — R'**) in LNA(s) incorporated 65 C^.^alkoxy, one of R^ and R^* is P* and the other is 

in oligomers, it is believed that the biradical is preferably hydrogen, and R^*, R^, and R'* designate hydrogen, and, 

selected from — (CR*R*) — Y— (CR*R*) — , — (CR*R*) more spccificaUy, the biradical (R^'— R^**) is selected from 
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— O — , — (CH2)o.i — O — (CHj)!.^ — . — (CH2)o.i — S — As mentioned above, the LNA(s) of an oligomer is/are 

(CH2)i.3 — , — (^^2)0-1 — N(R ) — (CH2)i.3 — , and connected with other monomers via an intemucleoside link- 

— (CH 2)2-4 — » in particular from — O — CH2 — , age. In the present context, the term "intemucleoside link- 

— S—CHj— , and — NR'^— CHj— Generally, with due age" means a linkage consisting of 2 to 4, preferably 3, 

regard to the results obtained so far, it is preferred that the 5 groups/atoms selected from — CHj— , — O — , — S— , 

biradical constituting R^' and R'*' forms a two carbon atom NR'' , >C — O, >C=NR'', >C=S, Si(R")2 , 

bridge, i.e. the biradical forms a five membered ring with the gQ 8(0)2 ^(0)2 PO(BH )— P(0 

furanose ring (X=0). Particularly interesting are also those -P{S)^-, L_PO(R")-^ ^po(0CH3A ^6 -PO 

ohgomers wher^ R and R of an incorporated LNA of (nhr^, where R" is selected form hydrogen and C, 

formula I together designate a biradical selected from „„ • r„„ r- 

-0-^H2-r^^H2-,and_NR--CH2-;XisO, '^^l^ f."^ ^ is selected from C,,-alkyl and phenyl. 

B designates I nucleobase selected from adenine, guanine, I^^'^!,,^ such m«leoside linkages are 

thymine, cytosine and uracil; R^ is hydrogen, one of R^ or ^4 .JT^ ZJx_!^ ru 

R^* designates P* and the other is hydrogen, and R'', R^ *^*lr"l7r — 0-<-H2— CH^— , 

R-\ and R'* designate hydrogen. — 0— CH2— CH= (mcluding R= when used as a hnkage to 

In these embodiments, it is furthermore preferred that at 15 a succeedmg monomer), — CHj— CHj— O— , — NR^ — 

least one LNA incorporated in an oligomer includes a CU^ , CHj CH2 NR , -CH2 NR 

nucleobase (substituent B) selected from adenine and gua- CHj — , — 0 — CHj — CHj — NR — , — NR — CO — 0 — , 

nine. In particular, it is preferred that an oUgomer having —NR''— CO— NR^— , — NR''— CS— NR''— , — NR''— C 

LNA incorporated therein includes at least one nucleobase (=NR'') — NR"— , — NR"— CO— CH2— NR"— , 

selected from thymine, uracil and cytosine and at least one 20 — O — CO — O — , — O — CO — CH2 — O — , — O — ClU — 

nucleobase selected from adenine and guanine. For LNA CO— O— — CH2— CO— NR"— , — 0— CO— NR'^—, 

monomers, it is especially preferred that the nucleobase is — NR" — CO — CH2 — , — 0 — CH2 — CO — NR" — , 

selected from adenine and guanine. — 0— CH2— NR"— . — CH=N— O— , — CH2— NR"— 

Within a variant of these interesting embodiments, all 0 — , — CH2 — 0 — N= (including R^ when used as a link- 
monomers of a oligonucleotide are LNA monomers. 25 age to a succeeding monomer), — CH2 — O— NR" — , 

As it wiU be evident from the general formula I (LNA(s) — CO— NR"— CH2— , — CH2— NR"— O— , — CH2— 

in an oligomer) and the definitions associated therewith, NR"— CO — , — O — NR" — CH2— , — O — NR"— , 

there may be one or several asymmetric carbon atoms — 0 — CH2 — S — , — S — CHj — O — , — CH2 — CH2 — S — , 

present in the oligomers depending on the nature of the — 0 — CH2 — CH2 — S — , — S — CHj — CH— (including R^ 

substituents and possible biradicals, cf. below. 30 when used as a linkage to a succeeding monomer), 

In one variant, R^' designates P*. In another variant, R"* — S — CHj — CHj — , — S — CH2 — CHj — O — , 

designates P* , and in a third variant, some R^' designates P* — S — CH2 — CH2 — S — , — CH2 — S — CHj — , — CHj — 

in some LNAs and R^ designates P* in other LNAs within SO— CHj— , — CH2--SO2— CH2— , — O— SO— O— , 

an oligomer. —O— 8(0)2— O— —O— 8(0)2— CH2— —0—8(0)2— 

The oligomers typically comprise 1-10000 LNA(s) of the 35 NR"— , —NR"— 8(0)2— CH2—, —O— 8(0)2— CH2~, 

general formula I and 0-10000 nucleosides selected from — 0— P(0)2— O— , — O— P(0,S)— O— , — O— P(S)2— 

naturally occurring nucleosides and nucleoside analogues. O — , — S — P(0)2 — O — , — S — P(0,S) — 0 — , — 8 — P(S)2 

The sum of the number of nucleosides and the number of — 0 — , — O— P(0)2 — 8 — , — O — P(0,S) — S — , — 0 — P 

LNA(s) is at least 2, preferably at least 3, in particular at (8)2—8—, — S— P(0)2— S — , — 8— P(0,8)— 8— , 

least 5, especially at least 7, such as in the range of 2-1 5000, 40 — S — P(S)2 — S — , — O — PO(R")— 0 — , — O— PO 

preferably in the range of 2-100, such as 3-100, in particular (OCH3)— O— , — 0— P0(0CH2CH3)— O— , — O— PO 

in the range of 2-50, such as 3-50 or 5-50 or 7-50. (OCH2CII2S — R)— O— , — O— P0(BH3)— 0— , 

In the present context, the term "nucleoside" means a — 0— PO(NIiR^)— O— , — 0— P(0)2— NR" — NR"— P 

glycoside of a heterocyclic base. The term "nucleoside" is (0)2—0—, — 0 — P(0,NR")— O— , — CH2— P(0)2— 

used broadly as to include non-naturally occurring 45 O — , — 0 — P(0)2 — CH2 — , and — O — Si(R")2 — O — ; 

nucleosides, naturally occurring nucleosides as well as other among which — CH2 — CO — NR " — , — CHj — NR" — 

nucleoside analogues. Illustrative examples of nucleosides O — , — 8 — CH2 — 0 — , — O — P(0)2 — O — , — O — P(0, 

are ribonucleosides comprising a ribose moiety as well as S) — O — , — O — P(S)2 — O — , — NR" — P(0)2 — O — , 

deoxyribonuclesides comprising a deoxyribose moiety. With — 0 — P (0,NR") — O — , — 0 — PO(R") — O — , — O — PO 

respect 10 the bases of such nucleosides, it should be 50 (CII3) — O — , and — O — PO(NHR^) — O — , where R" is 

understood that this may be any of the naturally occurring selected from hydrogen and Cj^-alkyl, and R" is selected 

bases, e.g. adenine, guanine, cytosine, thymine, and uracil, from Ci,g-alkyl and phenyl, are especially preferred. Further 

as well as any modified variants thereof or any possible illustrative examples are given in Mesmaeker et. al.. Current 

unnatural bases. Opinion in Structural Biology 1995, 5, 343-355. The left- 

When considering the definitions and the known nucleo- 55 hand side of the intemucleoside linkage is bound to the 

sides (naturally occurring and nonnaturally occurring) and 5-membered ring as substituent P*, whereas the right-hand 

nucleoside analogues (including known bi- and tricyclic side is bound to the 5 '-position of a preceding monomer, 

analogues), it is clear that an oligomer may comprise one or It is also clear from the above that the group P may also 

more LNA(s) (which may be identical or different both with designate a 5 '-terminal group in the case where the LNA in 

respect to the selection of substituent and with respect to 60 question is the 5'-terminal monomer. Examples of such 

selection of biradical) and one or more nucleosides and/or 5'-terminal groups are hydrogen, hydroxy, optionally sub- 

nucleoside analogues. In the present context "oHgonucle- stituted C^.^-alkyl, optionally substituted Cj.^-alkoxy, 

otide" means a successive chain of nucleosides connected optionally substituted C^.g-alkylcarbonyloxy, optionally 

via intemucleoside linkages; however, it should be under- substituted aryloxy, monophosphate, diphosphate, 

stood that a nucleobase in one or more nucleotide units 65 triphosphate, and — ^W — A', wherein W is selected from 

(monomers) in an oligomer (oligonucleotide) may have been — O — , — S — , and — N(R^ where R" is selected from 

modified with a substituent B as defined above. hydrogen and C^.^alkyl, and where A* is selected from DNA 
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intercalators, pholochemically active groups, thermochemi- 
cally active groups, chelating groups, reporter groups, and 
ligands (where the latter groups may include a spacer as 
defined for the substituenl B). 

In the present description and claims, the terms 5 
"monophosphate", "diphosphate", and "triphosphate" mean 
groups of the formula: — O— PCO)^— O", — O— PCO)^" 
0~P(0)2— 0", and — O— P(0)2— O— P(0)2— 0— P(0)2 
— O", respectively. 

In a particularly interesting embodiment, the group P lo 
designates a 5'-terminal group selected from 
monophosphate, diphosphate and triphosphate. Especially 
the triphosphate variant is interesting as a substrate for 
nucleic acid polymerases. 

Analogously, the group P* may designate a 3'-tenninal 15 
group in the case where the LNA in question is the 
3'-terminal monomer. Examples of such 3'-terminal groups 
are hydrogen, hydroxy, optionally substituted C-i.g-alkoxy, 
optionally substituted Ci.g-alkylcarbonyloxy, optionally 
substituted aryloxy, and — W — A', wherein W is selected 20 
from —0—, — S— , and —N(R^O— where R'' is selected 
from hydrogen and C^.g-alkyl, and where A' is selected from 
DNA intercalators, pholochemically active groups, thermo- 
chemically active groups, chelating groups, reporter groups, 
and ligands (where the latter groups may include a spacer as 25 
defined for the substituent B). 

In a preferred variant of the LNAs, the oligomer has the 
following formula V: 

G_[NU-Ll.(.)-{lLNA-LL<,j-[Nu— LL(^jj,--G- V 30 

wherein 
q is 1-50; 

each of n(0), . . , n(q) is independently 0-10000; 

each of m(l), . . , m(q) is independently 1-10000; 35 

with the proviso that the sum of n(0), . . , n(q) and 

m(l), . . , m(q) is 2-15000; 
G designates a 5 '-terminal group; 
each Nu independently designates a nucleoside selected 

from naturally occurring nucleosides and nucleoside 

analogues; 

each LNA independently designates a nucleoside ana- 
logue; 

each L independently designates an intemucleoside link- 45 
age between two groups selected from Nu and LNA, or 
L together with G* designates a 3 -terminal group; and 

each LNA-L independently designates a nucleoside ana- 
logue of the general formula I as defined above. 

Within this variant, as well as generally, the LNAs prcf- 50 
erably include different nucleobases, in particular both 
nucleobases selected from thymine, cytosine and uracil and 
nucleobases selected from adenine and guanine. 

The oligomers are also intended to cover chimeric oligo- 
mers. The term "chimeric oligomers" means two or more 55 
ohgomers with monomers of different origin joined either 
directly or via a spacer. Illustrative examples of such oligo- 
mers which can be combined are peptides, PNA-oligomers, 
oligomers containing LNAs, and oligonucleotide oligomers. 
Hie combination of an oligomer having xy lo-LNA (R^=P*) 60 
domain(s) and "normal" LNA (R^'=P*) domain(s) might 
be construed as an example of a chimeric oligomer as the 
various domains may have different aflSnity and specificity 
profiles. 

Generally, the oligomers have surprisingly good hybridi- 65 
sation properties with respect to affinity and specificity. 
Thus, the oligomers comprise at least one nucleoside ana- 
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logue which imparts to the oligomer a T^ with a comple- 
mentary DNA oligonucleotide which is at least 2.5° C. 
higher, preferably at least 3.5° C. higher, in particular at least 
4.0° C. higher, especially at least 5.0° C. higher, than that of 
the corresponding unmodified reference oligonucleotide 
which does not comprise any nucleoside analogue. In 
particular, the T^ of the oligomer is at least 2.5xN° C. 
higher, preferably at least 3.5xN° C. higher, in particular at 
least 4.0xN° C. higher, especially at least 5.0xN ° C. higher, 
where N is the number of nucleoside analogues. 

In the case of hybridisation with a complementary RNA 
oligonucleotide, the at least one nucleoside analogue imparts 
to the oligomer a T^ with the complementary DNA oligo- 
nucleotide which is at least 4.0° C. higher, preferably at least 
5.0° C. higher, in particular at least 6.0° C. higher, especially 
at least 7.0° C. higher, than that of the corresponding 
un-modified reference oligonucleotide which does not com- 
prise any nucleoside analogue. In particular, the T^ of the 
oligomer is at least 4.0xN° C. higher, preferably at least 
5.0xN° C. higher, in particular at least 6.0xN° C, higher, 
especially at least 7.0xN° C. higher, where N is the number 
of nucleoside analogues. 

The term "corresponding unmodified reference oligo- 
nucleotide" is intended to mean an oligonucleotide solely 
consisting of naturally occurring nucleotides which repre- 
sents the same nucleobases in the same absolute order (and 
the same orientation). 

The T^ is measured under one of the following condi- 
tions: 

a) 10 mM Na2HP04, pH 7.0, 100 mM NaCl, 0.1 mM 
EDTA; 

b) 10 mM NasHPO^ pH 7.0, 0.1 mM EDTA; or 

c) 3 M tetramethylammoniumchloride (TMAC), 10 mM 
Na^HPO^, pH 7.0, 0.1 mM EDTA; 

preferably under conditions a), at equimolar amounts 
(typically 1.0 ^M) of the ohgomer and the complementary 
DNA oligonucleotide. 

The oligomer is preferably as defined above, where the at 
least one nucleoside analogue has the formula I where B is 
a nucleobase. Especially interesting are the cases where at 
least one nucleoside analogue includes a nucleobase selected 
from adenine and guanine. 

Furthermore, with respect to specificity and affinity, the 
oligomer, when hybridised with a partially complementary 
DNA oligonucleotide, or a partially complementary RNA 
oligonucleotide, having one or more mismatches with said 
oligomer, should exhibit a reduction in T^, as a result of said 
mismatches, which is equal to or greater than the reduction 
which would be observed with the corresponding unmodi- 
fied reference oligonucleotide which does not comprise any 
nucleoside analogues. Also, the oligomer should have sub- 
stantially the same sensitivity of J„ to the ionic strength of 
the hybridisation buffer as that of the corresponding unmodi- 
fied reference oligonucleotide. 

Oligomers defined herein are typically at least 1% 
modified, such as at least 2% modified, e.g. 3% modified, 
4% modified, 5% modified, 6% modified, 1% modified, 8% 
modified, or 9% modified, at least 10% modified, such as at 
least 11% modified, e.g. 12% modified, 13% modified, 14% 
modified, or 15% modified, at least 20% modified, such as 
at least 30% modified, at least 50% modified, e.g. 70% 
modified, and in some interesting applications 100% modi- 
fied. 

The oligomers preferably have substantially higher 
3 -exonucleolytic stabihty than the corresponding unmodi- 
fied reference oligonucleotide. 

It should be understood that oligomers (wherein LNAs are 
incorporated) and LNAs as such include possible salts 
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thereof, of which pharmaceutically acceptable salts are 
especially relevant. Salts include acid addition salts and 
basic salts. Examples of acid addition salts are hydrochlo- 
ride salts, sodium salts, calcium salts, potassium salts, etc.. 
Examples of basic salts are salts where the (remaining) 
counter ion is selected from alkali metals, such as sodium 
and potassium, alkaline earth metals, such as calcium, and 
ammonium ions (*N(R^3R\ where each of and 
independently designates optionally substituted Q.^-alkyl, 
optionally substituted Cj.g-alkenyl, optionally substituted 
aryl, or optionally substituted heteroaryl). Pharmaceutically 
acceptable salts are, e.g., those described in Remington's 
Pharmaceutical Sciences, 17. Ed. Alfonso R. Gennaro (Ed.), 
Mack Publishing Company, Easton, Pa., U.S.A., 1985 and 
more recent editions and in Encyclopedia of Phannaceutical 
Technology. Thus, the term "an acid addition salt or a basic 
salt thereof" used herein is intended to comprise such salts. 
Furthermore, the oligomers and LNAs as well as any inter- 
mediates or starting materials therefor may also be present 
in hydrate form. 

DESCRIPTION OF THE FIGURES 

FIG. 1. 

Illustrates one embodiment of the invention. 
FIG. 1-1. 

Hybridization experiment performed with 3 different 
LNA modified oligos (see table 1-1) covalently immobilized 
to the wells of a microtiter-plate probe and a complementary 
target DNA oligo. The hybridisations were performed at 
variable concentrations of guanidine-hydrochloride 
(GnHCl) as indicated. 

no. 2-1. 

Competition assay illustrating the specificity of the LNA 
hybridisation performed at variable concentrations of guani- 
dine hydrochloride. The amount of matching wild type oligo 
is kept constant at a concentration of 0.5 nM while the 
concentration of the competing (one base mismatching 
mutant oligo) is varied from 0.1 aM to 0.3 /iM. The arrow 
indicates equimolar amounts of target and competing oligo. 
Also indicated is the hybridisation performance obtained in 
hybridisation buffers containing from 0 to 8 M guanidine 
hydrochloride (GnHCl). 

HG. 2-2. 

Competition assay illustrating the specificity of the LNA 
hybridisation performed at variable concentrations of guani- 
dine hydrochloride. The amount of matching mutant type 
oligo is kept constant at a concentration of 5 nM while the 
concentration of the competing (one base mismatching wild 
type oligo) is varied from 0.1 nM to 03 juM. The arrow 
indicates equimolar amounts of target and competing oligo. 
Also indicated is the hybridisation performance obtained in 
hybridisation buffers containing from 0 to 8 M guanidine 
hydrochloride (GnHCl). 

no, 3-1. 

LNA hybridisation experiment performed with 2 different 
LNA modified oligos (sec table 3-1) covalently immobilized 
to the wells of a microtiter-plate probe and two complemen- 
tary target DNA ohgos. The hybridisations were performed 
at variable concentrations of guanidine thiocyanatc 
(GnSCN) and in buffers based on either sodium citrate or 
phosphate as indicated. 

FIG, 4-1. 

Competition assay illustrating the specificity of the 
hybridisation performed phosphate based buffers and vari- 
able of guanidine thiocyanate (GnSCN). The amount of 
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matching wild type oligo is kept constant at a concentration 
of 0.5 nM while the concentration of the competing (one 
base mismatching mutant oligo) is varied from 0,1 nM to 0.3 
//M. The arrow indicates equimolar amounts of target and 
5 competing oligo. Also indicated is the hybridisation perfor- 
mance obtained in hybridisation buffers containing from 0 to 
4 M GnSCN. 

FIG, 4-2. 

10 Competition assay illustrating the specificity of the 
hybridisation performed phosphate based buffers and vari- 
able of guanidine thiocyanate (GnSCN). The amount of 
matching mutant type oligo is kept constant at a concentra- 
tion of 5 nM while the concentration of the competing (one 

15 base mismatching wild type oligo) is varied from 0.1 nM to 
0.3 //M. 

The arrow indicates equimolar amounts of target and 
competing oligo. Also indicated is the hybridisation perfor- 
mance obtained in hybridisation buffers containing from 0 to 
2° 4 M GnSCN. 

FIG. 4-3. 

Competition assay illustrating the specificity of the 
hybridisation performed sodium citrate based buffers and 
25 variable of guanidine thiocyanate (GnSCN). The amount of 
matching wild type oligo is kept constant at a concentration 
of 0.5 qM while the concentration of the competing (one 
base mismatching mutant oligo) is varied from 0.1 nM to 0.3 
//M. The arrow indicates equimolar amounts of target and 
competing oligo. Also indicated is the hybridisation perfor- 
mance obtained in hybridisation buffers containing from 0 to 
4 M guanidine thiocyanate (GnSCN). 

FIG. 44, 

35 Competition assay illustrating the specificity of the 
hybridisation performed sodium citrate based buffers and 
variable of guanidine thiocyanate (GnSCN). llie amount of 
matching mutant type oligo is kept constant at a concentra- 
tion of 5 nM while the concentration of the competing (one 

40 base mismatching wild type oligo) is varied from 0.1 nM to 
0.3 /iM. The arrow indicates equimolar amounts of target 
and competing oligo. Also indicated is the hybridisation 
performance obtained in in hybridisation buffers containing 
from 0 to 4 M GnSCN. 

FIG. 6-1. 

Detection of single nucleotide polymorphism. Biotiny- 
lated PCR amplicons from three human cell lines (HCV29, 
T112C1 and T112D1) and a plasmid were generated. All 

50 three human cell lines are wild type (G- allele) with respect 
to the ApoB3500 mutation. The "A-allele" plasmid contains 
the ApoB R3500Q mutation (a G->A transition at amino 
acid 3500 (arg->gln)). Each sample was tested against wild 
type (C8) or mutant Cl^S) specific LNA capture probes. Black 

55 bars: wild type. Light bars: mutant type, 

FIG. 7-1. 

Detection of plasmid DNA in bacterial cell lysates. Three 
different bacterial strains (see Table 7-1) were lysed and 

60 hybridised to either the Cll or the Til capture probes (see 
table 7-2) covalently immobilized to the wells of a 
microtiter-plate. The hybridisations were performed in a 
hybridisation buffer containing 2 M guanidine thiocyanate. 
NF1815 cells contain no plasmid, TOPlO/pCR cells contain 

65 the pCR{S)2,l-T0P0 plasmid without the ApoB sequence 
and TOPlO/pApoBwt cells contain the ApoB3500 wild-type 
sequence inserted into the pCR®2.1-T0P0 plasmid. 
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EXAMPLE 1 

GnHCl Allows and Enhances LNA Hybridization in Phos- 
phate Buffer 

To study the effect that strong chaotrophic agents such as 
guanidinc hydrochloride (GnHCl) exert on the 
hybridisation, the following experiment was carried out. 

LNA modified oligos (see table 1-1) carrying a 5' 
anthraquinone were covalently immobilized to the wells of 
a microtiter-plate by UV irradiation and used as capture 
probes in a hybridisation assay with a complementary target 
DNA oligo. The hybrid was detected by including a 5' 
biotinylated DNA detection probe in the hybridisation mix- 
ture. 

TABLE 1-1 



Oligonucleotides studied 

EQ SEQ 





num- 


ID 






Name 


ber 


NO 


Sequence 


Characteristics 


C8 


EO- 


4 


5'-AQ-tac atg tta tgc ttt 
GAC°''C""GT GTg-3' 


5' anthraquinone 




3133 




modified LNA 


Cll 


EO- 


5 


5'-AQ-tac atg tta tgc ttt 


5' anthraquinone 




3131 




AAG AC""£"*' GTG 
TGc-3' 


modified LNA 


HEGC8 


EQ- 


6 


5'-AQ-HEG-AGA C""£G 


5' hexaelhylene 




3108 




TGt-3' 


glycol LNA 


Wild type 


EO- 


7 


5'ttg aat tec aag age aca 


Wadtype, 


target 


3185 




egg tct tea gtg aag ctg 


sense g/e pes. 


molecule 






cag ggc act tec aa 3' 


9756 (50-mer) 


Detection 


EO 


8 


5'-biotin-ttg gaa gtg ccc 


5' biotinylated 


probe 


3246 




tgc age tt-3' 


DNA 



Note: 

LNA monomers are indicated in uppercase lettere, DNA monomeis are 
indicated in lowercase letters. C"" indicates that the monomer is 5 -methyl 
cytosine LNA. 5'-AQ indicates that the oligo carries a 5'anthraquinone 
(AQ) and a C3 tinker, the composition is AQ — CONH — (CH2)3-oligo. 
5'-AQ— HEG indicates that the 5'end of the oligo is: AO— CONH — (CH2) 
3 — PO4 — ((CH2)20)5 — (CH2)2-oligo. 5'-biotin indicates that the 5'end of 
the oligo is: Biotin-(CH2)4— CONH— (CH2)6-oligo- 

Immobihzing ApoB Capture Probes 

Anthraquinone LNA capture probes (either C8, Cll or 
HEG C 8 —see table 1-1) were dissolved in 0.2 M NaCl at 
a concentration of 0.1 //M. 100 juL of the oligos were added 
to each of the wells of the microtiter-plate (C96 polysorp; 
Nalge Nunc International, Roskilde, Denmark), and exposed 
for 15 min. to soft UV light (approximately 350 nm) in a 
ULS-20-2 illuminator (UV-Lights Systems, Denmark) at 
maximal 35° C. The illuminator is equipped with 28 Philips 
Cleo Compact 25W-S light bulbs (14 located above and 14 
located below the glass plate sample holder); only the upper 
bulbs were lit. 

After incubation the wells were washed with first 300 /iL 
of 0.4 M NaOH with 0.25% Tween 20 (Riedel-de Hacn, 
Seeize, Germany) and then three times with 300 juL of 
deionized water. 

Hybridization With Target and Detection Probe 

Wild type (WT) target molecules (0.3 /iM, EQ3185, SEQ 
ID NO 7) were added to micro-titer-plate wells coated with 
either C8, CU or HEG C8 capture probe. The concentration 
of GnHCl in the hybridisation mixture was varied in two- 
fold "dilutions" as described below. The resulting concen- 
trations of GnHCl were: 0.0078, 0.016, 0.032, 0.063, 0.13, 
0.25, 0.5, 1, 2, 4 and 8 M. 

Hybridization buffers were constructed by dissolving 
solid GnHCl to a final concentration of 8 M in 50 mM 
phosphate buffer, pH 7, with 0.1% Tween 20. Buffers with 
lower concentrations of GnHCl were the constructed by 
diluting the buffer containing 8 M GnHCl with a similar 
buffer containing 0 M GnHCl. 100 //L of hybridisation mix 
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were added per microtiter-plate well. The capture and target 
oligos were allowed to hybridise for half an hour at 37° C. 
Then the wells were washed five times with 300 ^ of 
IxSSC with 0.1% TVeen 20 (IxSSC is: 150 mM NaQ, 15 

^ mM sodium citrate). Then, 100 ^ of 0.12 /tM detection 
probe (EO-3246, SEQ ID NO 8) dissolved in IxSSC with 
0.1 % Tween 20 were added and allowed to hybridise for half 
an hour at 37" C. Finally the microtiter-plate was washed 

JO three times with IxSSC with 0.1% Tween 20. 

The hybrids were detected by binding streptavidin- 
horseradish peroxidase (strA-HRP) to the biotinylated 
detection probe. The strA-HRP (Pierce, Rockford, 111., 
U.S.A. Cat. no. 21126) was dissolved in IxSSC with 0.1% 
Tween 20 at a concentration of 1 /ig/mL. 100 /^L was added 
per well and incubated 15 min. Then the plate was washed 
three times with IxSSC; 0.1% Tween 20 and the signal 
developed in the OPD-assay. 

20 OPD-assay 

A master-mix containing: 6 mL of 0.1 M citrate buffer 
pH-5.0, two 2 mg ortho-phenylenediamine (OPD) tablets 
(Kem-En-Tech, Copenhagen, Denmark) and 2.5//L of 30% 
25 H2O2 was prepared. 100 ^ of the master-mix is added to 
each reaction chamber and is left to incubate for one to 30 
min. depending on enzyme activity. The assay is stopped 
with 100 fiL of 0.5 M H2SO4 and the optical density is 
measured at X-492 nm with an ELISA-reader. 

Results 

The results are shown in FIG. 1-1. 
Conclusion 

35 From the experiment it is concluded that it is possible to 
hybridise with good efficiency in buffers containing GnHCl. 
Surprisingly, it is observed that the hybridisation signal is 
enhanced with increasing concentrations of GnHCl. Even at 
very high (8 M) GnHCl concentrations, a high hybridisation 

40 signal is obtained. Actually, in the case of capture oligos 
with a DNA-linker (C8 (EQ-, SEQ ID NO 4) and Cll 
(EQ-3131, SEQ ID NO 5)) the hybridisation signal increases 
as a function of GnHCl concentration starting its effect at 
about 0.1 M and having its optimum from about 0.5 M to 5 
M enhancing the hybridisation signal some 30%. Hybrid- 
ization to capture probes immobilized to the surface of the 
microtiter-plate via the hexaethylene glycol linker (HEG C 
8 (EQ-3108, SEQ ID NO 6)) appears less affected. 

50 

EXAMPLE 2, 

Hybridization in GnHCl is Specific (Competition 
Experiment) 

55 To study if hybridisation in buffers containing strong 
chaotrophic agents such as guanidine hydrochloride 
(GnHCl) can be performed at sufficiently high stringency to 
allow single -base discrimination, the following experiment 
was carried out. 

60 

LNA modified oligos (see table 2-1) carrying a 5' 
anthraquinone were covalently immobilized to the wells of 
a microtiter-plate by UV irradiation and used as capture 
probes in a hybridisation assay with a complementary target 
65 DNA oligo. The hybrid was detected by including a 5' 
biotinylated DNA detection probe in the hybridisation mix- 
ture. 
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TABLE 2-1 



Olifionucleotides studied 





EO 


SEQ 








num- 


ID 






Name 


ber 


NO 


Sequence 


Characteristics 


C8 


EQ- 


4 


5'-AQ-Uc atg tta tgc ttt 


5' anthraquinone 




3133 




GAC°*'£""GT GTg-3' 


modified LNA 


T8 


EO- 


9 


5'-AQ-tac atg tta tgc ttt 


5' anthraquinone 




3134 




GAC^^GT GTg-3' 


modified LNA 


Wild type 


EQ- 


7 


5'ttg aat tec aag age aca 


Wildtype, sense 


target 


3185 




egg tct tea gtg aag etg cag 


g/e pos. 9756 


molecule 






ggc act tec aa 3' 


(50-mer) 


Mutation 


EQ- 


10 


5'ttg aat tec aag age aca 


Sense fl/t pos. 


type target 


3187 




cag tct tea gtg aag etg eag 


9756 (50-mer) 


molecule 






ggc act tec aa 3' 




Detection 


EQ- 


8 


5'-biotin-ttg gaa gtg cec tgc 5' biotinylated 


probe 


3246 




age tt-3' 


DNA 



5 



Note: 

LNA monomers are indicated in uppercase letters, DNA monomers are 
indicated in lowercase letters. C"** indicates that the monomer is 5 -methyl 
cytosine LNA. 5'-AQ indicates that the oligo carries a 5 'anthraquinone 
(AQ) and a C3 linker, the composition is AQ — CONH — (CH2)3-oltgo. 
5*-biotin indicates that the 5'end of the oligo is: Biotin-(CH2)4 — CX)NH — 
(CH2)6-otigo. 

Immobilizing ApoB Capture Probes 25 

Anthraquinone LNA capture probes (either C8 or TS — see 
table 2-1) were dissolved in 0.2 M NaCl at a concentration 
of 0.1 //M. 100 juL of the oligos were added to each of the 
wells of the microtiter-plate (C96 polysorp; Nalge Nunc 
International, Roskilde, Denmark), and exposed for 15 min. 30 
to soft UV light (approximately 350 nm) in a ULS-20-2 
illuminator (UV-Lights Systems, Denmark) at maximal 35° 
C. The illuminator is equipped with 28 Philips Cleo Com- 
pact 25W-S light bulbs (14 located above and 14 located 
below the glass plate sample holder); only the upper bulbs 35 
were lit. 

After incubation the wells were washed with first 300 /iL 
of 0.4 M NaOH with 0.25% IVeen 20 (Riedel-de Haen, 
Seeize, Germany) and then three times with 300 juL of 
deionized water. 40 
Hybridization With Wild Type Target Molecule (EQ-3185) 
and Mutation Type Target Molecule (EQ-3187) 

To wells coated with C8 capture probe (EQ 3133, SEQ ID 
NO 4) wild type target molecule (EQ3185, SEQ ID NO 7) 
was added in a constant low concentration (0.0005 /<M) 45 
while the amount of the competing single base mismatching 
mutation type target molecule (EQ3187, SEQ ID NO 10) 
was varied in a five-fold "dilution series*'. The resulting 
concentrations of the mutation type target molecule were: 
0.0001, 0.0005, 0.0025, 0.012, 0.06 and 0.30 //M. 50 

To chambers coated with T8 capture probe (EQ3134, SEQ 
ID NO 9) mutation type target molecule was added in a 
constant low concentration (0.005 ^M) while the amount of 
the competing single base mismatching wild type target 
molecule (EQ3185, SEQ ID NO 7) was varied in a five-fold 55 
"dilution series". The resulting concentrations of the wild 
type target molecule were: 0.0001, 0.0005, 0.0025, 0.012, 
0.06 and 0.30 //M. 

Hybridization buffers were constructed by dissolving 
solid GnHCl to a final concentration of 8 M in 50 60 
phosphate buffer, pH 7, with 0,1% IVeen 20. Buffers with 
lower concentrations of GnHCl were then constructed by 
diluting the buffer containing 8 M GnHCl with similar buffer 
containing 0 M GnHCl. 

100 /iL of hybridisation mix were added per microliter- 65 
plate well. The capture and target oligos were allowed to 
hybridise for half an hour at 37° C. Then the wells were 
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washed five times with 300 fiL of IxSSC with 0.1% Tween 
20 (IxSSC is: 150 mM NaQ, 15 mM sodium citrate). Then, 
100 juLof 0.12 fM detection probe (EQ-3246, SEQ ID NO 
8) dissolved in IxSSC with 0.1% Tween 20 were added and 
allowed to hybridise for half an hour at 37° C. Finally the 
microtiter-plate was washed three times with IxSSC with 
0.1% Tween 20. 

The hybrids were detected by binding streptavidin- 
horse radish peroxidase to the biotinylated detection probe. 
The strA-HRP (Pierce, Rockford, III, U.S.A. Cat. no. 
21126) was dissolved in IxSSC with 0.1% Tween 20 at a 
concentration of 1 //g/mL. 100 fiL was added per well and 
incubated 15 min. Then the plate was washed three times 
with IxSSC; 0.1% Tween 20 and the signal developed in the 
OPD-assay. 
OPD-assay 

A master-mix containing: 6 mL of 0.1 M citrate buffer 
pH=5.0, two 2 mg ortho-phenylene-diamine (OPD) tablets 
(Kem-En-Tech, Copenhagen, Denmark) and 2.5 juL of 30% 
H2O2 was prepared. 100 juL of the master-mix is added to 
each reaction chamber and is left to incubate for one to 30 
min. depending on enzyme activity. The assay is stopped 
with 100 //L of 0.5 M H2SO4 and the optical density is 
measured at X-492 nm with an ELISA-reader. 
Results: 

The results are shown in FIGS. 2-1 and 2-2. 
Conclusion 

Based on this experiment it is concluded that the strin- 
gency of the hybridisation — even at high concentrations of 
GnHCl — ^is compatible to the stringency observed in buffer 
without GnHCl. 

With the C8 capture probe a clear increase in (non- 
specific) signal is not seen until the concentration of com- 
peting mutant type target molecule is above 0.05 //M, At this 
concentration the ratio of matching to mismatching oligo is 
1:100. Equal contributions from the matching and the mis- 
matching oligo (e.g. a two-fold increase in signal) is 
obtained at an amount of 0.2-0,5 ^wM competing oligo 
depending on the concentration of GnHCl. High stringency 
is seen at concentrations up to 4 M GnHCl. In these buffers 
equal signal is obtained at a ratio of matching to mismatch- 
ing oligo of approximately 1:600, In other words, a signal to 
noise ratio of 1:600 is observed. 

With the T8 capture probe a clear increase in (non- 
specific) signal is not seen until the concentration of com- 
peting wild type target molecule is above 0.1 ^M. At this 
concentration the ratio of matching to mismatching oligo is 
1:20. Equal contributions from the matching and the mis- 
matching oligo (e.g. a two-fold increase in signal) are not 
obtained at any amount of competing ohgo. Thus equal 
signal is assumed to be obtained at a ratio of matching to 
mismatching oligo that is higher than 1:60. In other words, 
a signal to noise ratio is observed that is higher than 1:60 
(better than 1:100 extrapolated value). 

It is concluded that hybridisation in buffers containing 
strong chaotrophic agents such as guanidine hydrochloride 
(GnHCl) can be performed at sufficiently high stringency to 
allow single -base discrimination. 

EXAMPLE 3. 

GnSCN Allows and Enhances Hybridization in Sodium 
Citrate and Phosphate Buffer 

Standard lysis buffers for RNA preparation are often 
based on sodium citrate buffers, e.g.: 

Glisin (1974) Biochemistry 13, 2633 and Chimin (1979) 
Biochemistry 18, 5294. The following experiment was car- 
ried out to compare the hybridisation performance in guani- 
dine thiocyanate (GnSCN) containing buffers based on 
either sodium citrate or phosphate. 
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LNA modified oligos (see table 3-1) carrying a 5' 
anthraquinone were covalently immobilized to the wells of 
a microtiter-plate by UV irradiation and used as capture 
probes in a hybridisation assay with a complementary target 
DNA oligo. The hybrid was detected by including a 5' 
biolinylated DNA detection probe in the hybridisation mix- 
ture. 

TABLE 3-1 

Oligonucleotides studied 



Name 


EQ 
num- 
ber 


SEQ 
ID 

NO 


Sequence 


Characteristics 


C8 


EO- 


4 


5'-AQ-tac atg tta tgc ttt 


5' anthraquinone 




3133 




GAC™' ^^GT GTg-3' 


modified LNA 


T8 


EO- 


9 


5'-AQ-tac atg tta tgc ttt 


5' anthraquinone 




3134 




GACr^' JGT GTg-3' 


modified LNA 


Wild type 


EO- 


7 


Sttg aat tec aag age aca 


Wildtype, sense 


target 


3185 




egg tct tea gtg aag ctg cag 


g/c pos. 9756 


molecule 






ggc act tec aa 3' 


(50-mer) 


Mutation 


EQ- 


10 


S'ttg aat tec aag age aca 


Sense a/t pos. 


type target 


3187 




cag tct tea gtg aag ctg cag 


9756 (50-mer) 


molecule 






ggc act tec aa 3' 




Detection 


EQ- 


8 


5'-biotin-ttg gaa gtg ccc tgc 5' biotinylated 


probe 


3246 




age tt-3' 


DNA 



15 



20 



25 



30 



35 



Note: 

LNA monomers are indicated in uppercase letters, DNA monomers are 
indicated in lowercase letters. C"^' indicates that the monomer is 5-mcthyl 
cytosine LNA. 5'-AQ indicates that the oligo carries a 5'anthraquinone 
(AO) and a C3 tinker, the composition is AO— CONH— (CH2)3-oligo. 
5'-biotin indicates that the 5'end of the oligo is: Biotin-(CH2)4 — CONH — 
(CH2)6-oHgo. 

Immobilizing ApoB Capture Probes 

Anthraquinone LNA capture probes (either C8 or T8 — see 
table 3-1) were dissolved in 0.2 M NaCl at a concentration 
of 0.1 ^M, 100 of the oligos were added to each of the 
wells of the microtiler plate (C96 polysorp; Nalge Nunc 
International, Roskilde, Denmark), and exposed for 15 min. 
10 soft UV light (approximately 350 nm) in a ULS-20-2 
illuminator (UV- Lights Systems, Denmark) at maximal 35° 
C. The illuminator is equipped with 28 Philips Cleo Com- 
pact 25W-S light bulbs (14 located above and 14 located 
below the glass plate sample holder); only the upper bulbs 
were lit. 

After incubation the wells were washed with first 300 juL 
of 0.4 M NaOH with 0.25% Tween 20 (Riedel-de Haen, 
Seelze, Germany) and then three times with 300 fiL of 45 
dcionizcd water. 

Hybridization With WT (EQ-3185) and MUX (EQ-3187) 
Target Molecules 

Wild type (WT) target molecules (0.012 //M) were added 
to microtiter-plate wells coated with C8 capture probe. The 
concentration of GnSCN in the hybridisation mixture was 
varied in two-fold "dilutions" — see below, llie resulting 
concentrations of GnSCN were: 0.03, 0.06, 0.13, 0.25, 0.5, 
1, 2 and 4 M. 

Similarly, mutant type (MUT) target molecules (0.012 
juM) were added to microtiter-plate wells coated with T8 
capture probe and hybridised at 0.03, 0.06, 0.13, 0.25, 0.5, 
1, 2 and 4 M GnSCN. 

Hybridization buffers were constructed by dissolving 
solid GnSCN to a final concentration of 4 M either in 40 mM 
sodium citrate buffer, pH 7, with 0.5% Sarcosyl; or in 50 
mM phosphate buffer, pH 7, with 0.1% Tween 20. Buffers 
with lower concentrations of GnSCN were then constructed 
by diluting the buffer containing 4 M GnSCN with a similar 
buffer containing 0 M GnSCN. 

100 juL of hybridisation mix were added per microtiter- 
plate well. The capture and target oligos were allowed to 
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60 
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hybridise for half an hour at 37° C. Then the wells were 
washed five times with 300 /iL of IxSSC with 0.1% Tween 
20 (IxSSC is: 150 mM NaQ, 15 mM sodium citrate) 
Finally, 100 /^L of 0.12 /iM detection probe (EQ-3246, SEQ 
ID NO 8) in IxSSC with 0.1% Tween 20 were added for half 
an hour at 37° C, and then washed three times with IxSSC 
with 0.1% IVeen 20. 

The hybrids were detected by binding streptavidin- 
horse radish peroxidase to the biotinylated detection probe. 
The strA-HRP (Pierce, Rockford, 111., USA. Cat. no. 21126) 
was dissolved in IxSSC with 0.1% Tween 20 at a concen- 
tration of 1 /ig/mL. 100 ^L was added per well and incubated 
15 min. Then the plate was washed three times with IxSSC; 
0.1% Tween 20 and the signal developed in the OPD-assay. 
OPD-assay 

A master-mix containing: 6 mL of 0.1 M citrate buffer 
pH=5.0, two 2 mg ortho-phenylenediamine (OPD) tablets 
(Kcm-En-Tech, Copenhagen, Denmark) and 2.5 ^L of 30% 
H2O2 was prepared. 100 ^ of the master-mix is added to 
each reaction chamber and is left to incubate for one to 30 
min. depending on enzyme activity. The assay is stopped 
with 100 of 0.5 M H2SO4 and the optical density is 
measured at X=492 nm with an ELlSA-reader. 
Results 

The results are shown in FIG. 3-1. 
Conclusion 

It is observed that the hybridisation signal is enhanced as 
a function of GnSCN concentration starting its effect at 
about 0.2 M and having its optimum from about 1 M to 2 M. 

'llie most prominent enhancement by GnSCN is seen in 
the hybridisation between the C8 capture LNA probe and the 
WT target oligo in phosphate based buffers. At optimal 
concentration of GnSCN the signal was enhanced 75%. 

The hybridisation with T8 and MUT oligo is less affected 
by GnSCN. In phosphate buffer high concentrations of 
GnSCN (4 M) had a negative effect. 

In conclusion it is seen that buffers based on sodium 
citrate, e.g. the type thai is used in many cell lysis-buffers, 
are at least as good as phosphate-based buffers, and that 
GnSCN, like guanidine hydrochloride (GnllCl), allows and 
indeed enhances hybridisation even at high concentrations. 

EXAMPLE 4 

Hybridization in GnSCN is Specific (Competition 
Experiment) Comparing Sodium Citrate and Phosphate 
Buffers 

The following experiment was carried out to compare the 
hybridisation stringency in guanidine thiocyanate (GnSCN) 
containing buffers based on either sodium citrate or phos- 
phate. 

LNA modified oligos (see table 2-1) carrying a 5' 
anthraquinone were covalently immobilized to the wells of 
a microtiter-plate by UV irradiation and used as capture 
probes in a hybridisation assay with a complementary target 
DNA oligo. The hybrid was detected by including a 5' 
biotinylated DNA detection probe in the hybridisation mix- 
lure. 

TABLE 4-1 



Oligonucleotides studied 

EQ SEQ 
num- ID 
ber NO Sequence 



Characteristics 



EQ- 



4 5'-AQ-tac atg tta tgc ttt 5' anthraquinone 
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TABLE 4-1 -continued 

Oligonucleotides studied 

EO SEO 





num- 


ID 






Name 


ber 


NO 


Sequence 


Characteristics 




3133 




GAC^'C°*'GT GTg-3' 


modified LNA 


T8 


EQ- 


9 


5'-AQ-tac atg tta tgc ttt 


5' anthraquiuone 




3134 




GAC"" TOT GTg-3' 


modified LNA 


Wild type 


EO- 


7 


5'ttg aat tec aag age aca 


Wildtype, sense 


target 


3185 




egg tct tea gtg aag ctg cag 


, g/c pes. 9756 


molecule 






ggc act tec aa 3' 


(50-mer) 


Mutation 


EQ- 


10 


S'ttg aat tec aag age aca 


Sense a/t pos. 


type target 


3187 




cag tct tea gtg aag ctg cag 


; 9756 (50-mcr) 


molecule 






ggc act tec aa 3' 




I>etection 


EQ- 


8 


5'-biotin-ttg gaa gtg ecc tgc 5' biotinylated 


probe 


3246 




age tt-3' 


DNA 



Note: 

LNA monomers arc indicated in uppercase letters, DNA monomers arc 
indicated in lowercase letters. C°" indicates that the monomer is 5- methyl 
cytosine LNA. 5'-AQ indicates that the oligo carries a 5'anthraquinone 
(AQ) and a C3 linker, the composition is AQ — CONH — (CH2)3-oUgo. 
5'-bLOtin indicates that the 5'cnd of the oligo is: Biotin-(CH2)4 — CONH — 
(CH2)5-oIigo. 

Immobilizing ApoB Capture Probes 

Anthraquinone LNA capture probes (either C8 or T8 — see 
table 4-1) were dissolved in 0.2 M NaCl at a concentration 
of 0.1 //M. 100 of the oligos were added to each of the 
wells of the microtiter-plate (C96 polysorp; Nalge Nunc 
International, Roskilde, Denmark), and exposed for 15 min. 
to soft UV light (approximately 350 nm) in a ULS-20-2 
illuminator (UV-Lights Systems, Denmark) at maximal 35° 
C. The illuminator is equipped with 28 Philips Cleo Cora- 
pact 25W-S light bulbs (14 located above and 14 located 
below the glass plate sample holder); only the upper bulbs 
were lit. 

After incubation the wells were washed with first 300 jwL 
of 0.4 M NaOH with 0.25% Twcen 20 (Riedel-de Haen, 
Seelze, Germany) and then three times with 300 /^L of 
deionized water. 

Hybridization With Wild Type Target Molecule (EQ-3185) 
and Mutation Type Target Molecule (EQ-3187) 

To wells coated with C8 capture probe (EQ 3133, SEQ ID 
NO 4) wild type target molecule (EQ3185, SEQ ID NO 7) 
was added in a constant low concentration (0.0005 ^M) 
while the amount of the competing single base mismatching 
mutation type target molecule (EQ3187, SEQ ID NO 10) 
was varied in a five-fold "dilution series". The resulting 
concentrations of the mutation type target molecule were: 
0.0001, 0.0005, 0.0025, 0.012, 0.06 and 0.30 ^M. 

To chambers coated with T8 capture probe (EQ3134, SEQ 
ID NO 9) mutation type target molecule was added in a 
constant low concentration (0.005 //M) while the amount of 
the competing single base mismatching wild type target 
molecule (EQ3185, SEQ ID NO 7) was varied in a five-fold 
"dilution series". The resulting concentrations of the wild 
type target molecule were: 0.0001, 0.0005, 0.0025, 0.012, 
0.06 and 0.30 juU, 

Hybridization buffers were constructed by dissolving 
solid GnSCN to a final concentration of 4 M either in 40 mM 
sodium citrate buffer, pH 7, with 0.5% Sarcosyl; or in 50 /iM 
phosphate buffer, pH 7, with 0.1% IVeen 20. Buffers with 
lower concentrations of GnSCN were then constructed by 
diluting the buffer containing 4 M GnSCN with a similar 
buffer containing 0 M GnSCN. 

100 /iL of hybridisation mix were added per microtiter- 
plate well. The capture and target oligos were allowed to 
hybridise for half an hour at 37° C. Then the wells were 
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washed five times with 300 of IxSSC with 0.1% Tween 
20 (IxSSC is: 150 mM NaCl, 15 mM sodium citrate). Then, 
lOO.wLof 0.12 fiM detection probe (EQ-3246, SEQ ID NO 
8) dissolved in IxSSC with 0.1% Tween 20 were added and 
5 allowed to hybridise for half an hour at 37° C. Finally the 
microtiter-plate was washed three times with IxSSC with 
0.1% Tween 20. 

The hybrids were detected by binding streptavidin- 
horseradish peroxidase to the biotinylated detection probe, 
^rhe strA-HRP (Pierce, Rockford, 111., USA. Cat. no. 21126) 
was dissolved in IxSSC with 0.1% Tween 20 at a concen- 
tration of 1 /ig/mL. 100 /fL was added per well and incubated 
15 min. Then the plate was washed three times with IxSSC; 
0.1% Tween 20 and the signal developed in the OPD-assay. 
OPD-assay 

A master-mix containing: 6 mL of 0.1 M citrate buffer 
pHo5.0, two 2 mg ortho-phenylenediamine (OPD) tablets 
(Kem-En-Tech, Copenhagen, Denmark) and 2.5 /iLof 30% 
H2O2 was prepared. 100 of the master-mix is added to 
each reaction chamber and is left to incubate for one to 30 
20 min. depending on enzyme activity. The assay is stopped 
with 100 //L of 0.5 M H2SO4 and the optical density is 
measured at X=492 nm with an ELISA-reader. 
Results 

The results are shown in FIGS. 4-1, 4-2, 4-3 and 4-4. 
25 Conclusion 

Based on this experiment it is concluded that the strin- 
gency of the hybridisation — even at high concentrations of 
GnSCN — is compatible to the stringency observed in buffer 
without GnSCN. It is furthermore concluded that the strin- 
gency is comparable in sodium citrate- and phosphate -based 
buffers. 

With the C8 capture probe a clear increase in (non- 
specific) signal is not seen until the concentration of com- 
peting mutant type target molecule is above 0.05 //M. At this 
2 J concentration the ratio of matching to mismatching oligo is 
1:100. Equal contributions from the matching and the mis- 
matching oligo (e.g. a two-fold increase in signal) is, with 
the exception of C8 hybridisation in 4 M GnSCN, PO^- 
buffer, not obtained at any amount of competing oligo. In the 
case of the hybridisation to C8 in 4 M GnSCN, PO4 equal 
signal is obtained at approximately 0.15 juM indicating a 
signal to noise ratio of approximately 300. In the remaining 
hybridisations the signal to noise ratio is better than 1:600. 

With the T8 capture probe a clear increase in (non- 
specific) signal is not seen until the concentration of com- 
peting wild type target molecule is over 0.1 /iM. At this 
concentration the ratio of matching to mismatching oligo is 
1:20. Equal contributions from the matching and the mis- 
matching oligo (e.g. a two-fold increase in signal) is not 
obtained at any amount of competing oligo. Thus equal 
signal is assumed to be obtained at a ratio of matching to 
mismatching oligo that is higher than 1 :60. In other words, 
a signal to noise ratio that is higher than 1:60 is observed. 

The hybridisation stringency is almost the same in buffers 
based on either sodium citrate or phosphate. However, 
higher hybridisation signals were obtained in sodium citrate 
based buffers. 

It is concluded that hybridisation in buffers containing 
strong chaotrophic agents such as in guanidine thiocyanate 
(GnSCN) can be performed at sufficiently high stringency to 
allow detection of single base differences and that buffers 
based on either sodium citrate or phosphate can be used. 

EXAMPLE 5 

Thermostability of DNA and LNA Oligonucleotides in Buff- 
65 ers Containing Guanidine Hydrochloride 

The thermostability of the all-DNA and LNA modified 
oligonucleotides was determined spectrophotomctrically 
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EO 



QHgonucleotidcs studied 
SEQ ID 



Name 


number 


NO 


Sequence 


Characteristics 


112T 


EQ-348S 


11 




LNA 








C""Gt-3' 




asliat 


EQ-3493 


12 


5'-acg tgt gcg-3' 


LNA 


asll2c 


EQ-3495 


13 


5*-acg tgc gcg-3' 


all-DNA 


15ST 


EQ-3489 


14 




LNA 












asl58t 


EQ-3497 


15 


5'-aga agt gcc-3' 


LNA 


asl58c 


EQ-3499 


16 


5'-aga age gcc-3* 


all-DNA 



TABLE 5-2 

Tm in hybridisation 
buffer containing 



oligo pail 



match 



165 mM Na* 4 M GnHCl 



LNA CEQ3485):DNA (EQ3493) 


perfect 


73.8* C. 


65.4* C 




match 






LNA CEQ3485):DNA (EQ3495) 


one 


51.5** C. 


41.1° C 




mismatch 










22.3° C.) 


24.3' C.) 


LNA (EQ3489):DNA (EQ3497) 


perfect 


69.9- C. 


61.2* C. 




match 






LNA (EQ3489):DNA (EQ3499) 


one 


47.0*' C. 


33.2* C. 




mismatch 










22.9" C) 


28.0* C) 



Note: 

ATm indicates the difference in Tn, between the perfect matching 
LNA:DNA hctcro-duplex and the duplex in question. 

Conclusion 

From the experiment it is concluded that hybridisation 
occurs in buffers containing high concentrations of strong 
chaotrophic agents. 

When a single mismatch is introduced into the target DNA 
oligonucleotides, the of LNA: DNA hctcroduplcxes drops 
significantly. The results indicate that the T„ change is more 
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using a spectrophotometer equipped with a thermoregulated 
Pehier element (Perkin Elmer, UV Lambda 40). Hybridiza- 
tion mixtures of 1 ml were prepared containing either of 2 
different buffers (4 M GnHCl in 50 mM Na— PO4, pH 6.8, 
0.1 mM EDTA; or 50 mM Na— PO4, pH 6.8, 115 mM NaCl, 
0.1 mM EDTA) and equimolar (1 fiM) amounts of the LNA 
modified oligonucleotides and their complementary or mis- 
matched DNA oligonucleotides. Identical hybridisation 
mixtures using the unmodified oligonucleotides were pre- 
pared as references. 

Each sample was heated in an eppendorf tube to 90* C. in 
a heating block and allowed to cool slowly within the turned 
off heating block to room temperature. The sample was 
transferred into a 500 //L quartz cuvette (Perkin Elmer). 
Samples were then measured on the UV Lambda 40 spec- 
trophotometer, llie samples were measured at 260 nm while 
the temperature was raised with 1° C. per minute. The T^'s 
were obtained as the first derivative of the melting curves. 
Table 5-2 summarizes the results. Table 5-1 summarizes the 
oligos used. 

TABLE 5-1 



pronounced in guanidine containing buffers compared to 
standard buffers, suggesting that hybridisation buffers con- 
taining strong chaotrophic agents may be advantageous for 
single base discrimination by hybridisation. 

5 

EXAMPLE 6 

Detection of Single Base Polymorphism by Hybridisation of 
PCR Products to LNA Capture Oligos 

As a first step to test if it is possible to detect a specific 
10 sequence in a complex biological sample, the following 
experiment was carried out. 

The product of the PCR is considerably more complex 
than adding synthetic 50'mer template, and this may chal- 
lenge the hybridisation process. To test if hybridisation in 
15 chaotrophic buffers was sufficiently discriminatory and 
sensitive, PCR reactions were performed on various tem- 
plates containing either wild type or mutant type ApoB3500, 
and tested in a LNA hybridisation assay. The assay consisted 
of 5' anthraquinone immobilized LNA modified oligos (see 
20 table 6-1) functioning as capture probe and the PCR product 
as complementary target DNA oligo. The hybrid was 
detected by binding streptavidin-horseradish peroxidase to 
the biotinylated end of the PCR product and afterwards 
performing an OPD assay. 
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Note; 

LNA monomers are indicated in uppercase letters, DNA monomers are 
indicated in lowercase letters. C°" indicates that the monomer is 5 -methyl 
cytosine LNA. 

Results 

Table 5-2 shows the thermostability of DNA and LNA 
oligonucleotides in buffers containing guanidine hydrochlo- 
ride. 
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TABLE 6-1 



Oligonucleotides applied 



EQ SEQ 



Name 


num- 
ber 


ID 
NO 


Sequence 


Characteristics 


C8 


EQ- 


4 


5'-AQ-tac atg tta tgc ttt 


5' anthraquinone 




3133 




GAC"" £""Gr GTg-3' 


modified LNA 


T8 


EQ- 


9 


5'-AQ-tac atg tta tgc ttt 


5' anthraquinone 




3134 




GAC°«' TGT GTg-3' 


modified LNA 


Forward 


EO- 


17 


5'-biotin-cta gtg agg cca 


5' biotinylated 


primer 


319S 




aca ctt act tga att cca aga 


DNA primer, 








gc-3' 


sense (35-mer) 


Backward 


EO- 


3 


5'-gtt ttt cgt act gtg etc cc2 


I DNA primer, 


primer 


3213 




gag-3' 


sense (24-mer) 



Note: 

LNA monomers arc indicated in uppercase letters, DNA monomers are 
indicated in lowercase letters. C"" indicates that the monomer is 5 -methyl 
cytosine LNA. 5'-AQ indicates that the oligo carries a 5' anthraquinone 
(AQ) and a C3 linker, the composition is AO — CONH — (CH2)3-oligo. 
5'-biotin indicates that the 5'end of the oligo is: Biotin-(CH2)4— CONH — 
CCH2)6-oligo. 



TABLE 6-2 



50 



55 



PCR template 



Sample 


Source 


Characteristics 


HCV29 


Human DNA 


ApoB35000, wild type, sense 






g/c pos. 9756 


T112C] 


Human DNA 


ApoB35000, wild type, sense 






g/c pos. 9756 


T112D1 


Human DNA 


ApoB35000, wild t>'pe, sense 






g/c pos. 9756 


"A-allele"-plasmid 


Plasm id 


ApoB35000, mutant type, 






sense a/t pos. 9756 



60 Note: 

With the forward and backward primers applied on these total DNA or 
plasmid preparations the expected PCR amplified fragment is 167 bp long 
and will be 5' biotinylated on the sense strand. 

Synthesis and Analysis of Primers 
65 DNA primers were obtained as HPLC purified oligos 
from a commercial source (DNA Technology, Aarhus, 
Denmark), 
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Sample Preparation 

1) Human genomic DNA: 

Human genomic DNA was isolated by standard phenol 
extraction (Sambrook et al. (1989) Molecular Cloning, 2nd 
ed. Cold Spring Harbor Laboratory Press, Cold Spring 5 
Harbor, N.Y) from 3 different human cancer cell lines: 
HCV29, T 112C1, T 112D1 (Skouv et al. (1989) Mol Carcin. 
2, 59-62) that are wildtype with respect to the ApoB3500 
polymorphism (Ludwig et al. (1987) DNA 6: 363-372; 
accession no. M 19828). 30 

2) "A-allele"-plasmid: 

Human genomic DNA was isolated from 5 ml of whole 
blood, using the DNA Isolation Kit for Mammalian Blood 
(Roche Molecular Systems cat. no. 1 667 327. Roche 
Molecular Biochemicals, Hvidovre, Denmark) and closely 15 
following the recommendations of the manufacturer. 

The "A-allele" of the ApoB gene was generated by 
PCR-amplification of part of the wild type human ApoB 
gene comprising the ApoB3500 locus. The PCR fragment 
was cloned into plasmid pCR®2.1-T0P0 using the 20 
TOPO™ TA Cloning® Kit (Invitrogen, cat. no. K4500-01, 
Invitrogen Corporation, Carlsbad Calif. USA). Plasmid 
DNA was purified from bacterial cultures, using QUI- 
AGEN® Plasmid Kits (QIAGEN GmbH, Hilden, 
Germany). The DNA sequence of the insert was verified by 25 
DNA sequencing using an ALFexpress II DNA Analysis 
System (Amersham Pharmacia Biotech) and closely follow- 
ing the recommendations of the manufacturer. 
PCR on Sample Preparations 

PCR master-mix for 6 reactions: 30 

148.50 fiL H^O 

30 juL lOxAmpliTaq Gold buffer (Perkin-Elmer 

Corporation, Norwalk, Conn., USA). 
18 MgCl2 (25 mM) 35 
30 //L dNTP (2 mM) 

30 forward primer EQ3198 (SEQ ID NO 17) (10 fiM) 
30 /iL backward primer E03213 (SEQ ID NO 3) (10 fiM) 
1.5 jWL AmpliTaq Gold® DNA Polymerase (5 U///L) 
(Perkin Elmer cat. no. N808-0240, Perkin-Elmer 
Corporation, Norwalk, Conn., USA). 
PCR Amplification 

The PCR reactions were carried out in 0.5 mL thin- wall 
tubes using an Eppendorf Mastercycler Gradient thermocy- 
cler (Eppendorf — Netheler — Hinz GmbH, Hamburg, 
Germany). To 48 fiL master-mix 2 //L sample were added. 
Termocycling 

Denaturation: 94° C, 15 min. 

Amplification (30 cycles): 94** C, 40 sec; 56° C, 40 sec; 53 

72° C, 40 sec 
Elongation: 72° C, 10 min. 
Termination: 4° C, <x. 
Detection 

The PCR products were subsequently analyzed by Stan- 55 
dard gel electrophoresis on a 2% agarose gel (LE, Analytical 
Grade; Promega Corporation, Madison, USA) including 
Gel-Star® (FMC BioProducts, Rockland, Me., USA) 
diluted 1:30.000 in the gel and IxTris-acetate/EDTA elec- 
trophoresis buffer (0.04 M Tris-acetate; 0.001 M EDTA). To 60 
5 jwL of each PCR reaction 1 //L of 6xloading buffer (40% 
sucrose, 0.25% bromophenol blue, 0.25% xylene cyanol, 0.1 
M EDTA pH 8.0) was added). The gel was run for approxi- 
mately 1 h at a constant voltage of 7 V/cm. 

For permanent record the gel was photographed by stan- 65 
dard Polaroid (Polaroid LTD., St. Albans, UK) photography 
using an appropriate UV-transilluminator (Model TM-20E 
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UV Products, Upland, Calif., USA) and filter (Kodak Wrat- 
ten #9 Eastman Kodak Co., Rochester, N.Y., USA). 
Immobilizing ApoB Capture Probes 

Anthraquinone LNA capture probes (either C8 or T8 — see 
table 6-1) were dissolved in 0.2 M NaCl at a concentration 
of 0.1 fiM. 100 //L of the oligos were added to each of the 
wells of the microtiter-plate (C96 polysorp; Nalge Nunc 
International, Roskilde, Denmark), and exposed for 15 min. 
to soft UV light (approximately 350 nm) in a ULS-20-2 
illuminator (UV-Ughts Systems, Denmark) at a maximal 
temperature of 35° C. The illuminator is equipped with 28 
Philips Cleo Compact 25W-S light bulbs (14 located above 
and 14 located below the glass plate sample holder); only the 
upper bulbs were lit. 

After incubation the wells were washed with first 300 fit 
of 0.4 M NaOH with 0.25% Tween 20 (Riedel-de Haen, 
Seelze, Germany) and then three times with 300 //L of 
deionized water. 

Hybridisation With PCR Reaction 

To chambers with immobilized C8 or T8 capture probe 5 
juL of PCR reaction together with 95 /(L of 2 M GnSCN 
sodium citrate buffer were added and left to incubate for half 
an hour at 37° C. 

Hybridisation buffers were 2 M GnSCN in 40 mM sodium 
citrate buffer, pH 7, with 0.5% Sarcosyl. 

After hybridisation the wells were washed five times with 
300 fiL of IxSSC with 0.1% IXveen 20 (IxSSC is: 150 mM 
NaCl, 15 mM sodium citrate). 

The hybrids were detected by binding streptavidin- 
horse radish peroxidase to the biotinylated PCR product. The 
strA-HRP (Pierce, Rockford, 111., USA. Cat. no. 21126) was 
dissolved in IxSSC with 0.1% Tween 20 at a concentration 
of 1 /fg/mL. 100 fih was added per well and incubated 15 
min. Then the plate was washed three times with IxSSC; 
0.1% Tween 20 and the signal developed in the OPD-assay. 
OPD-assay 

A master-mix containing: 6 mL of 0.1 M citrate buffer 
pH=5.0, two 2 mg ortho-phenylenediamine (OPD) tablets 
(Kcm-En-Tcch, Copenhagen, Denmark) and 2.5 fiL of 30% 
H2O2 as prepared. 100 //L of the master-mix is added to each 
reaction chamber and is left to incubate for one to 30 min. 
depending on enzyme activity. The assay is stopped with 
100 /iLof 0.5 M H2SO4 and the optical density is measured 
at X=492 nm with an ELIS A- reader. 
Results 

The results are shown in FIG. 6-1. 
Conclusion 

In all four PCR reactions it is possible to detect single 
base differences by hybridisation in 2 M GnSCN. As seen 
also in the previous examples the signal for "A-allele" 
capture probe (T8) is lower than the signal obtained with the 
C8 LNA capture probe, yet the signal is very clear also in 
this case, indicating that hybridisation in 2 M GnSCN is 
highly stringent. 

EXAMPLE 7 
Detection of Plasmid DNA in Bacterial Cell Lysate 

To study if the hybridisation and extraction methods of the 
present invention may be applied to a complex biological 
mixture of nucleic acid and non-nucleic acid, the following 
experiment was carried out. 

Briefly, three different strains of bacteria (E, coli K12), 
two plasmid-containing and one strain without plasmid (see 
table 7-1), were cultured, lysed, and the plasmid was 
detected by hybridisation in a guanidine thiocyanate 
(GnSCN) containing buffer. 
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TABLE 7-1 



TABLE 7-2 



Bacterial Strains. 



Oligonucleotides studied 



strain 
name 



EO SEO 



genotype 



reference 



NF1815 MClOOO recAl Casadaban (1980) 

J. Mol. Biol. 138, 
179-207. 

TOPIC/ F"mcrA_(mn-hsdRMS-tncrBC) Invitrogen, cat. no. 
pCR _80Iac2^M15_lac_74 recAl dcoR K4500-01, Invitrogen 

araDl 39_(ara-lcu) Corporation, 

7697 galU galK rpsL (Str'') endAl Carlsbad CA USA 

nupG/pCR Cg»2.1-T0PO 
TOPIO/ F-mcrA„(mrT-KsdRMS-mcrBC) 
pApoBwt _801acZ^MlS_lac„74 rccAl deoR 

araD139_(ara-Ieu) 

7697 galU galK rpsL (Str**) cndAl 

nupG/pApoBwt 



Cloning of ApoBwi Plasmid 

Human genomic DNA was isolated from 5 ml of whole 
blood, using the DNA Isolation Kit for Mammalian Blood 
(Roche Molecular Systems cat. no. 1 667 327. Roche 
Molecular Biochemicals, Hvidovre, Denmark) and closely 
following the recommendations of the manufacturer. 

The "G-allele" of the ApoB gene was generated by 
PCR-amplification of part of the wild type human ApoB 
gene comprising the ApoB3500 locus (Ludwig ct al. (1987) 
DNA 6: 363-372; accession no. M19828, SEQ ID NO 1 and 
SEO ID NO 2). The PCR fragment was cloned into plasmid 
pCR(g)2.1-T0PO using the TOPO™ TA Cloning® Kit 
(Invitrogen, cat. no. K4500-01, Invitrogen Corporation, 
Carlsbad Calif. USA). Plasmid DNA was purified from 
bacterial cultures, using QUIAGEN® Plasmid Kits 
(QIAGEN GmbH. Hilden, Germany). The DNA sequence of 
the insert was verified by DNA sequencing using an ALFex- 
press II DNA Analysis System (Amersham Pharmacia 
Biotech) and closely following the recommendations of the 
manufacturer. The resulting plasmid was named pApoBwt. 

The TOPlO/pCR strain contains the pCR®2.1-T0P0 
plasmid without any ApoB insert. 

Preparation of Bacterial Cell Lysate 

Bacteria were grown in LB media (Sam brook el al. (1989) 
Molecular Cloning, 2nd ed. Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, N.Y.) with 100/ig/mL ampicillin 
overnight at 37** C. on a shaking device. 

The next day the cells were centrifuged (15 min, 8000 
r/min) and then resuspended in 1/50 volume 50 mM Tris-Cl 
(pH 8). The cells were then either sonicated for 45 sec. on 
ice or added 0.250 mL 100 mg/mL lysozyme for every 2.5 
mL resuspended celles and left to incubate for 15 min. at 
room temperature. The lysed cells were then kept at -20° C. 

Detection 

LNA modified oligos (sec table 7-2) carrying a 5' 
anthraquinonc were covalcntly immobUized to the wells of 
a microtiter-plate by UV irradiation and used as capture 
probes in a hybridisation assay with a complementary target 
DNA oligo. The hybrid was detected by including a 5' 
biotinylated DNA detection probe in the post-hybridisation 
mixture. 





num- 


ID 






Name 


ber 


NO 


Sequence 


Characteristics 


Cll 


EQ- 


5 


5'-AQ-lac atg tta tgc ttt 


5' anthraquinone 




3131 




AAG AC°"'£="*GTG 


modified LNA 








TGc-3' 




'111 


EO- 


18 


5 -AO-tac atg tta tgc ttt 


5' anthraquinonc 




3132 




AAG AC'^'niGTG TGc-3' 


modified LNA 


Detection 


EQ. 


8 


5'-biotin-ttg gaa gtg ccc 


5' biotinylated 


probe 


3246 




tgc age tt-3' 


DNA 
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15 ^Jole: 

I^A monomers are indicated in uppercase letters, DNA monomers are 
indicated in lowercase letters. C°*^ indicates that the monomer is 5 -methyl 
cytosine LNA. 5'-AQ indicates that the oligo carries a S'anthiaquinone 
(AQ) and a C3 linker, the composition is AO— CONH — (CH2)3-oligo. 
5'-biotin indicates that the 5'cnd of the oligo is: Biotin-(CH2)4 — CONH — 
20 CCH2)6-oligo. 

Immobilizing ApoB Capture Probes 

Anthraquinone LNA capture probes (Cll, Til — see table 
7-1) were dissolved in 0.2 M NaCl at a concentration of 0.1 

25 jWM, 100 fiL of the oligos were added to each of the wells of 
the microliter plate (C96 polysorp; Nalge Nunc 
International, Roskilde, Denmark), and exposed for 15 min. 
to soft UV light (approximately 350 nm) in a ULS-20-2 
illuminator (UV-Lights Systems, Denmark) at maximal 35® 

30 C. The illuminator is equipped with 28 Philips Qeo Com- 
pact 25W-S light bulbs (14 located above and 14 located 
below the glass plate sample holder); only the upper bulbs 
were lit. 

After incubation the wells were washed with first 300 
of 0.4 M NaOH with 0.25% 'IVeen 20 (Riedel-de Haen, 
Seelze, Germany) and then three times with 300 //L of 
deionized water. 
Hybridization 

40 50 /iL of the bacterial cell lysate was mixed with 50 //L (4 
M GnSCN, 25 mM sodium citrate, pH 7, 0.5% Sarcosyl) and 
added to microtiter-plate wells coated with either C8 or T8 
LNA capture probe. The mixture was allowed to incubate 
overnight at 37° C. 

Then the wells were washed five times with 300 /^L of 
IxSSC with 0.1% IVeen 20 (IxSSC is: 150 mM NaQ, 15 
mM sodium citrate). 100 //L of 0.12 /^M detection probe 
(EQ-3246. SEQ ID NO 8) in IxSSC with 0.1% Tween 20 
were added and allowed to hybridise overnight at 37" C, and 
then washed three times with IxSSC with 0.1% Tween 20. 

The hybrids were detected by binding streptavidin- 
horseradish peroxidase to the biotinylated detection probe. 
The strA-HRP (Pierce, Rockford, 111., USA. Cat no. 21126) 
was dissolved in IxSSC with 0.1% IVeen 20 at a concen- 
tration of 1 //g/mL. 100 //L was added per well and incubated 
15 min. Then the plate was washed three times with IxSC; 
0.1% Tween 20 and the signal developed in the OPD-assay. 
OPD-assay 

60 A master-mix containing: 6 mL of 0.1 M citrate buffer 
pH«5.0, two 2 mg ortho-phenylenediamine (OPD) tablets 
(Kem -En-Tech, Copenhagen, Denmark) and 2.5 /iL 30% 
H2O2 was prepared. 100 piL of the master-mix is added to 
each reaction chamber and is left to incubate for one to 30 

65 min. depending on enzyme activity. The assay is stopped 
with 100 of 0.5 M H2SO4 and the optical density is 
measured at X«492 nm with an ELISA-reader. 
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From the results it is concluded thai the pApoBwt plasmid supercoiled DNA molecules in a complex biological sample 
can be captured and detected both in bacteria lysed by such as a crude bacterial lysate. 



<160> NUMBER OF SEQ ID NOS : 18 

<210> SEQ ID KO 1 

<2H> LENGTH: 50 

<212> TYPE: DNA 

<213> ORGANISM: Homo Sapiens 

<400> SEQUENCE: 1 

cttacttgaa ttccaagagc acacggtctt cagtgaagct gcagggcact 50 



<210> SEQ ID NO 2 

<2U> LENGTH: 50 

<212> TYPE: DNA 

<213> ORGANISM: Homo Sapiens 

<400> SEQUENCE: 2 

cttacttgaa ttccaagagc acacagtctt cagtgaagct gcagggcact 50 



<210> SEQ ID NO 3 

<211> LENGTH: 24 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<400> SEQUENCE: 3 

gtttttcgta ctgtgctccc agag 24 



<210> SEQ ID NO 4 
<211> LENGTH: 24 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 
<220> FEATURE: 

<221> NAME/KEY: miBC_feature 
<222> LOCATION: (16)... (23) 
<223> OTHER INFORMATION: LNA 
<220> FEATURE: 

<221> NAME/KEY: rtiisc.f eature 
<222> LOCATION: (18).,. (19) 

<223> OTHER INFORMATION: 5-methyl-cytosine LNA 
<400> SEQUENCE: 4 

tacatgttat gctttgaccg tgtg 24 



<210> SEQ ID NO 5 

<211> LENGTH: 27 

<212> TYPE: DNA 

<213> ORGANISM: SyArtificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthethic primer 

<220> FEATURE: 

<221> NAME/KEY: misc.feature 

<222> LOCATION: (16). ,.(26) 

<223> OTHER INFORMATION: LNA 

<220> FEATURE: 

<221> NAME/KEY: misc_feature 

<222> LOCATION: (20)... (21) 

<223> OTHER INFORMATION: 5-methyl-cytosine LNA 



SEQUENCE LISTING 
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<400> SEQUENCE: 5 

tacatgttat gctttaagac cgtgtgc 27 



<210> SEQ ID NO 6 
<211> LENGTH: 9 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: synthetic primer 
<220> FEATURE: 

<221> NAME/KEY: misc.f eature 
<222> LOCATION: (!)...( 9) 
<223> OTHER INFORMATION: LNA 
<220> FEATURE: 

<221> NAME/KEY: miBC„f eature 
<222> LOCATION: 

<223> OTHER INFORMATION: 5-hexaethylenglycol LNA 
<220> FEATURE: 

<221> NAME/KEY: miec.feature 
<222> LOCATION: (4)... (4) 

<223> OTHER INFORMATION: S-methyl-cytosine LHA 

<4 00> SEQUENCE: 6 

agaccgtgt 



<210> SEQ ID NO 7 

<211> LENGTH: 50 

<212> TYPE: DNA 

<213> ORGANISM: Homo Sapiens 

<400> SEQUENCE: 7 

ttgaattcca agagcacacg gtcttcagtg aagctgcagg gcacttccaa 50 



<210> SEQ ID NO 8 
<211> LENGTH: 20 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 
<400> SEQUENCE: 8 

ttggaagtgc cctgcagctt 20 



<210> SEQ ID NO 9 
<211> LENGTH: 24 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 
<220> FEATURE: 

<221> NAME/KEY: misc.feature 
<222> LOCATION: (16)... (23) 
<223> OTHER INFORMATION: LNA 
<220> FEATURE: 

<221> NAME/KEY; misc_feature 
<222> LOCATION: (18)... (18) 

<223> OTHER INFORMATION: 5-raethyl-cytosine LNA 
<400> SEQUENCE: 9 

tacatgttat gctttgactg tgtg 24 



<210> SEQ ID NO 10 

<211> LENGTH: 50 

<212> TYPE: DNA 

<213> ORGANISM; Homo Sapiens 

<400> SEQUENCE: 10 

ttgaattcca agagcacaca gtcttcagtg aagctgcagg gcacttccaa 50 
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<210> SEQ ID NO 11 
<211> LENGTH: 9 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthethic primer 
<220> FEATURE: 

<221> NAME/KEY: misc.f eature 
<2 22 > LOCATION: (1)...(8) 
<223> OTHER INFORMATION: LNA 
<220> FEATURE: 

<221> NAME /KEY: misc.f eature 
<222> LOCATION: (1)...(1) 

<223> OTHER INFORMATION: 5 -methyl- cy to Bine LNA 
<220> FEATURE: 

<221> NAME/KEY: miBC_feature 
<222> LOCATION: (3)... (3) 

<223> OTHER INFORMATION: 5-methyl-cytoBine LNA 
<220> FEATURE: 

<221> NAME /KEY: mi6C_feature 
<222> LOCATION; (5)... (5) 

<223> OTHER INFORMATION: 5-methyl-cytosine LNA 
<220> FEATURE: 

<221> NAME /KEY: miBC_feature 
<222> LOCATION: (7)... (7) 

<223> OTHER INFORMATION: 5 -methyl- cy to sine LNA 

<400> SEQUENCE: 11 

cgcacacgt 



<210> SEQ ID NO 12 

<211> LENGTH: 9 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<400> SEQUENCE: 12 

acgtgtgcg 9 



<210> SEQ ID NO 13 

<211> LENGTH: 9 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<400> SEQUENCE: 13 

acgtgcgcg 9 



<210> SEQ ID NO 14 

<211> LENGTH; 9 

<212> TYPE: DNA 

<213> ORGANISM; Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<220> FEATURE: 

<221> NAME/KEY: misc_feature 

<222> LOCATION: (1).,.(8) 

<223> OTHER INFORMATION: LNA 

<220> FEATURE: 

<221> NAME/KEY: miac_feature 

<222> LOCATION: (3)... (3) 

<223> OTHER INFORMATION: 5-methyl-cytoBine LNA 

<220> FEATURE: 

<221> NAME/KEY: mi6C_feature 

<222> LOCATION: (5). ..(5) 

<223> OTHER INFORMATION: 5-methyl-cyt08ine LNA 

<220> FEATURE: 

<221> NAME/KEY; misc^feature 

<2 2 2> LOCATION: (8). ..(8) 
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<223> OTHER INFORMATION: S-methyl-cytoeine LNA 

<400> SEQUENCE: 14 

ggcacttct 

<210> SEQ ID NO 15 
<2ll> LENGTH: 9 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: synthetic primer 

<4 00> SEQUENCE: 15 

agaagtgcc 

<210> SEQ ID NO 16 

<211> LENGTH: 9 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<400> SEQUENCE: 16 

agaagcgcc 



<210> SEQ ID NO 17 

<211> LENGTH: 35 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<400> SEQUENCE: 17 

ctagtgaggc caacacttac ttgaattcca agagc 35 



<210> SEQ ID NO 18 
<211> LENGTH: 27 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<2 20> FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 
<220> FEATURE: 

<221> NAME /KEY: misc.feature 
<2 2 2> LOCATION: (16). ..(26) 
<223> OTHER INFORMATION: LMA 
<220> FEATURE: 

<221> NAME/KEY: misc_feature 
<2 2 2> LOCATION: (20). ..(20) 

<223> OTHER INFORMATION: S-methyl-cytosine LNA 
<4 00> SEQUENCE: 18 

tacatgttat gctttaagac tgtgtgc 27 



What is claimed is: 

1. A method for isolating a target nucleic acid comprLsing 

a) providing a sample containing nucleic acids, 

b) treating the sample with a lysing buffer containing a 
chaotropic agent to lyse cellular material in the sample, 
dissolve the components and denature the nucleic acids 
in the sample, 

c) contacting the nucleic acids released from the sample 
with at least one capturing LNA-probe, said capturing 
probe being substantially complementary to the target 
nucleic acid. 

2. A method according to claim 1, wherein the capturing 
LNA-probe is covalenily attached to a ligand. 



55 3. A method according to claim 1, wherein the capturing 
LNA-probe is covalently attached to a solid surface. 

4. A method according to claim 2, wherein the ligand 
covalently attached to the LNA-probe is coupled to an 
anti-ligand, said anti-ligand being covalently attached to a 
solid surface. 

^ 5. A method according to claims 3 or 4, wherein after the 
contact of the nucleic acids released from the sample with 
the LNA attached to the solid surface, the solid surface is 
separated from excess material. 

6. A method according to claim 5, wherein the solid 
65 surface is washed with buffer to remove excess material. 

7. A method according to claim 1 wherein the capturing 
probe is complementary to the target nucleic acid. 
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8. A method according to claim 1 wherein the capturing 
probe is between 4 and 50 nucleotides long. 

9. A method according to claim I wherein the capturing 
probe is between 8 and 30 nucleotides long. 

10. A method according to claim 1 wherein the capturing 
probe is between 8 and 20 nucleotides long. 

11. A method according to claim 1 wherein the capturing 
probe is between 8 and 15 nucleotides long. 

12. A method according to claim 1 wherein more than one 
capturing LNA-probe is used and the capturing probe con- 
sist of different LNA-oligomers directed against different 
target nucleic acids or against different regions of the same 
nucleic acid. 

13. A method according to claim 12, wherein the different 
capturing probes are spotted in an array format on the solid 
surface. 

14. A method according to claim 13, wherein the array has 
at least 10 capturing probes. 

15. A method according to claim 13, wherein the array has 
at least 100 capturing probes. 

16. A method according to claim 13, wherein the array has 
at least 1,000 capturing probes. 

17. A method according to claim 13, wherein the array has 
at least 10,000 capturing probes. 

18. A method according to claim 1 wherein the nucleic 
acids originate from cells, a tissue sample or tissue extract. 

19. A method according to claim 18, wherein the cells are 
of archae, prokaryotic, eukaryotic origin. 

20. A method according to claim 18, wherein the sample 
is derived from blood, serum, plasma, reticulocytes, 
lymphocytes, urine, bone marrow tissue, cerebrospinal fluid 
or any product prepared from blood or lymph, muscle 
biopsy, liver biopsy, kidney biopsy, bladder biopsy, bone 
biopsy, cartilage biopsy, skin biopsy, pancreas biopsy, a 
biopsy of the intestinal tract, thymus biopsy, mammae 
biopsy, uterus biopsy, a testicular biopsy, eye biopsy or a 
brain biopsy, homogenized in lysis buffer. 

21. A method according to claim 1 wherein the capturing 
probe(s) consist(s) of LNA-oligomer(s) directed against one 
or more target nucleic acid(s) which is/are specific for a 
specific species of organisms. 

22. A method according to claim 1 wherein the capturing 
probe(s) consist(s) of LNA-oligomer(s) directed against one 
or more target nucleic acid(s) which is/are specific for a 
specific species, sub-species or strain of organisms. 

23. A method according to claim 1 wherein the capturing 
probe(s) consisl(s) of LNA-oligomer(s) directed against one 
or more target nucleic acid(s) which is/are specific for a 
specific species of micro-organisms. 

24. A method according to claim 1 wherein the capturing 
probe(s) consist(s) of LNA-oligomer(s) directed against one 
or more target nucleic acid(s) which is/are specific for a 
specific species, sub-species or strain of micro-organisms. 

25. A method according to claim 1 wherein the capturing 
probe(s) consist(s) of LNA-oligomer(s) directed against one 
or more target nucleic acid(s) which is/are specific for an 
infectious agent. 

26. A method according to claim 1 wherein the capturing 
probc(s) consist(s) of LNA-oligomer(s) directed against one 
or more target nucleic acid(s) which is/are specific for a 
specific species, sub-species or strain of an infectious agent. 

27. A method according to claim 1 wherein the capturing 
probe(s) consist(s) of LNA-oligomer(s) directed against one 
or more target nucleic acid(s) which is/are specific for genes 
coding for proteins involved on an inheritable disease. 

28. A method according to claim 1 wherein the capturing 
probe(s) consist(s) of LNA-oligomer(s) directed against one 
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or more target nucleic acid(s) which is/are specific for genes 
related to a life style disease. 

29. A method according to claim 1 wherein the capturing 
probe(s) consist(s) of LNA-oligomer(s) directed against one 

5 or more target nucleic acid(s) which is/are specific for genes 
related to cancer. 

30. A method according to claim 28, wherein the hfe style 
diseases are selected from the group consisting of athero- 
sclerosis and diabetes. 

31. A method according to claim 1 wherein the solid 
surface is selected from the group consisting of glass, 
carbohydrate polymers and metals. 

32. A method according to claim 3 wherein the solid 
surface is the wall in a microtiter plate. 

33. A method according to claim 3 wherein the solid has 
the form of a bead. 

34. A method according to claim 3 wherein the solid 
surface has the form of a flat plate. 

20 35, A method according to claim 1 wherein the isolation 
is performed in one step. 

36. A method according to any of claims 2 and 3, wherein 
the ligand is biotin. 

37. A method according to claim 1 wherein the target 
25 nucleic acids hybridized to the capturing probe are detected 

by a detection probe. 

38. A method according to claim 37, wherein the detection 
probe is labelled with a label elected from the group con- 
sisting of fluorophores, radioactive isotopes, enzymes, 

"'^ ligands and haptenic and antigenic compounds. 

39. A method according to claim 38, wherein the fluoro- 
phore is selected from the group consisting of fluorescein, 
rhodamin and Texas Red. 

25 40. A method according to claim 38, wherein the radio- 
active isotope is selected from the group consisting of ^^P, 
^^P, ^'^S, ^'H, ^^^I and ^'^C. 

41. A method according to claim 38, wherein the enzyme 
is selected from the group consisting of horseradish 

40 peroxidase, alkaline phosphatase, calf intestine alkaline 
phosphatase, glucose oxidase and beta-galactosidase. 

42. A method according to claim 38, wherein the ligand is 
selected from the group consisting of biotin, thyroxine and 
Cortisol. 

45 43. A method according to any of claims 37 to 42, wherein 
the detection probe hybridises to a different region of the 
immobilised target nucleic acid than the capturing probe. 

44. A method according to any of claims 37 to 42, wherein 
the detecting probe contains at least one LNA-monomer. 

45. A method for amplifying a target nucleic acid the 
nucleotide sequence of which is complementary to the 
capturing probe, the method comprising the steps of 

a) providing a sample containing nucleic acids, 
55 b) treating the sample with a lysing buffer containing a 
chaotropic agent to lyse cellular material in the sample, 
dissolve the components and denature the nucleic acids 
in the sample, 

c) contacting the nucleic acids released from the sample 
with at least one capturing LNA-probe covalently 
attached to a solid surface, said capturing probe being 
substantially complementary to the target nucleic acid, 

d) separating the solid surface from excess material, 

65 e) combining the captured nucleic acids with an appro- 
priate amount of nucleoside triphosphates and an agent 
for polymerisation of the nucleoside triphosphates. 
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f) extending any oligonucleotides which hybridise to the 
captured nucleic acids to form extension products, 
wherein the capturing LNA-probes are used as 
templates, 

g) detecting the extension product formed. 

46. A method for amplifying a target nucleic acid the 
nucleotide sequence of which is complementary to the 
capturing probe, the method comprising the steps of 

a) providing a sample containing nucleic acids, 

b) treating the sample with a lysing buffer containing a 
chaotropic agent to lyse cellular material in the sample, 
dissolve the components and denature the nucleic acids 
in the sample, 

c) contacting the nucleic acids released from the sample 
with at least one capturing LNA-probe covalently 
attached to a solid surface, said capturing probe being 
substantially complementary to the target nucleic acid, 

d) separating the solid surface from excess material, 

e) combining the captured nucleic acids with an appro- 
priate amount of nucleoside triphosphates and an agent 
for polymerisation of the nucleoside triphosphates, 

f) extending any oligonucleotides which hybridise to the 
captured nucleic acids to form extension products, 
wherein the capturing LNA-probes are used as 
templates, 

g) hybridising, in the presence of an appropriate amount 
of nucleoside triphosphates and an agent for polymeri- 
sation of the nucleoside triphosphates, the single 
stranded nucleic acids from step c) with at least one 
downstream primer to synthesise further extension 
products, 

h) repeating steps g) through h) a sufficient number of 
times to result in a detectable amount of extension 
products, 

i) detecting the extension products formed. 

47. A method for amplifying a target nucleic acid the 
nucleotide sequence of which is complementary to the 
capturing probe, the method comprising the steps of 

a) providing a sample containing nucleic acids, 

b) treating the sample with a lysing buffer containing a 
chaotropic agent to lyse cellular material in the sample, 
dissolve the components and denature the nucleic acids 
in the sample, 

c) contacting the nucleic acids released from the sample 
with at least one capturing LNA-probe covalently 
attached to a solid surface, said capturing probe being 
substantially complementary to the target nucleic acid, 

d) separating the solid surface from excess material, 

e) combining the captured nucleic acids with an appro- 
priate amount of nucleoside triphosphates, an agent for 
polymerisation of the nucleoside triphosphates and at 
least one downstream primer, 

0 extending any oligonucleotides which hybridise to the 
captured nucleic acids to form extension products, 
wherein said nucleic acids are ased as templates, 

g) detecting the extension product formed. 

48. A method for amplifying a target nucleic acid the 
nucleotide sequence of which is complementary to the 
capturing probe, the method comprising the steps of 

a) providing a sample containing nucleic acids, 

b) treating the sample with a lysing buffer containing a 
chaotropic agent to lyse cellular material in the sample, 
dissolve the components and denature the nucleic acids 
in the sample. 
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c) contacting the nucleic acids released from the sample 
with at least one capturing LNA-probe covalently 
attached to a solid surface, said capturing probe being 
substantially complementary to the target nucleic acid, 

d) separating the solid surface from excess material, 

e) combining the captured nucleic acids with an appro- 
priate amount of nucleoside triphosphates, an agent for 
polymerisation of the nucleoside triphosphates and at 
least one downstream primer, 

f) extending any oligonucleotides which hybridise to the 
captured nucleic acids to form extension products, 
wherein said nucleic acids are used as templates, 

g) hybridising, in the presence of an appropriate amount 
of nucleoside triphosphates and an agent for polymeri- 
sation of the nucleoside triphosphates, the single 
stranded nucleic acids from step c) with at least one 
downstream primer to synthesise further extension 
products, 

h) repeating steps g) through h) a sufficient number of 
times to result in a detectable amount of extension 
products, 

i) detecting the extension products formed. 

49. A kit for isolating a target nucleic acid comprising 

a) a lysing buffer containing a chaotropic agent to lyse 
cellular material in the sample, 

b) at least one capturing LNA-probe, said capturing probe 
being substantially complementary to the target nucleic 
acid. 

50. A method of claim 1 wherein the sample is treated 
with the chaotropic lysing buffer and the nucleic acids are 
contacted with the LNA-probe in a single reaction vessel 
without a wash step between the treating and contacting. 

51. A method of claim 50 wherein the lysing buffer 
comprises a guanidine compound. 

52. A method of claim 50 wherein nucleic acid hybridised 
to the LNA-probe are delected. 

53. A method for isolating a target nucleic acid compris- 
ing: 

a) providing a cellular sample containing nucleic acids; 

b) treating the sample with a lysing buffer containing a 
guanidine compound; and 

c) contacting the nucleic acids released from the sample 
with at least one captiu-ing LNA-probe, the LNA-probe 
being substantially complementary to the target nucleic 
acid. 

54. A method of claim 53 further comprising detecting 
nucleic acid hybridised to the LNA-probe. 

55. A method of claim S3 wherein the sample is treated 
with the lysing buffer and the nucleic acids are contacted 
with the LNA-probe in a single reaction vessel without a 
wash step between the treating and contacting. 

56. A method of claim 54 wherein the sample is treated 
with the lysing buffer, the nucleic acids are contacted with 
the LNA-probe, and the nucleic acid hybridized to the 
LNA-probe are detected in a single reaction vessel without 
a wash step between the treating, contacting and delecting. 

57. A method of claim 53 wherein the guanidine com- 
pound is guanidine thiocyanate or guanidine hydrochloride. 

58. A method for isolating a target nucleic acid compris- 
ing: 

a) providing a cellular sample containing nucleic acids; 

b) treating the sample with a lysing composition; and 

c) contacting the nucleic acids released from the sample 
with at least one capturing LNA-probe, the LNA-probe 
containing a total of from 4 to 20 nucleotides and being 
substantially complementary to the target nucleic acid. 
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59. A melhod of claim 58 further comprising detecting 
nucleic acid hybridised to the LNA-probe. 

60. A method of claim 58 wherein the sample is treated 
with the lysiag buffer and the nucleic acids are contacted 
with the LNA-probe in a single reaction vessel without a 
wash step between the treating and contacting. 

61. A method of claim 58 wherein the sample is treated 
with the lysing buffer, the nucleic acids are contacted with 
the LNA-probe, and the nucleic acid hybridized to the 
LNA-probe are detected in a single reaction vessel without 
a wash step between the treating, contacting and detecting. 



50 



62. A method of claim 58 wherein the lysing composition 
comprises a guanidine compound. 

63. A method of claim 62 wherein the guanidine com- 
pound is guanidine thiocyanate or guanidine hydrochloride. 

64. A method of claim 58 wherein the LNA probe contains 
a total of from 8 to 20 nucleotides. 

65. A method of claim 58 wherein the LNA probe contains 
a total of from 8 to 15 nucleotides. 



05/31/2003, EAST Version: 1.03.0002 



US-PAT-NO: 



6303315 



DOCUMENT-IDENTIFIER: 



US 6303315 Bl 



TITLE: 

detection of nucleic 



One step sample 



preparation and 



acids in complex 



biological samples 



KWIC 



Detailed Description Text - DETX (4): 

LNA modified oligos (see table 1-1) carrying a 5* 
anthraquinone were 

covalently immobilized to the wells of a microtiter -plate 
by UV irradiation and 

used as capture probes in a hybridisation assay with a 
complementary target DNA 

oligo. The hybrid was detected by including a 5* 

biotinylated DNA detection 

probe in the hybridisation mixture. 

Detailed Description Text - DETX (21) : 

LNA modified oligos (see table 2-1) carrying a 5' 
anthraquinone were 

covalently immobilized to the wells of a microtiter -plate 
by UV irradiation and 

used as capture probes in a hybridisation assay with a 
complementary target DNA 

oligo. The hybrid was detected by including a 5' 

biotinylated DNA detection 

probe in the hybridisation mixture. 

Detailed Description Text - DETX (44): 

LNA modified oligos (see table 3-1) carrying a 5' 
anthraquinone were 

covalently immobilized to the wells of a microtiter -plate 



used as capture probes in a hybridisation assay with a 
complementary target DNA 

oligo. The hybrid was detected by including a 5* 

biotinylated DNA detection 

probe in the hybridisation mixture. 



by UV irradiation and 



Detailed Description Text - DETX (66): 

LNA modified oligos (see table 2-1) carrying a 5' 
anthraquinone were 

covalently immobilized to the wells of a mi or ot iter -plate 
by QV irradiation and 

used as capture probes in a hybridisation assay with a 
complementary target DNA 

oligo. The hybrid was detected by including a 5' 

biotinylated DNA detection 

probe in the hybridisation mixture. 



Detailed Description Text - DETX (152) : 

LNA modified oligos (see table 7-2) carrying a 5' 
anthraquinone were 

covalently immobilized to the wells of a microt iter -plate 
by UV irradiation and 

used as capture probes in a hybridisation assay with a 
complementary target DNA 

oligo. The hybrid was detected by including a 5' 

biotinylated DNA detection 

probe in the post-hybridisation mixture. 
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ABSTRACT 

Pharmacological agents useful in the diagnosis or treatment 
of disease associated with the expression of a gene arc 
identified in high throughput drug screening assays. The 
methods involve combining a labeled transcription factor, a 
nucleic acid coupled to a ligand, a candidate phannacologi- 
cal agent and a receptor immobilized on a solid substrate, 
such as a microtiter plate, filter, or bead. The nucleic acid has 
al least that portion of a nucleotide sequence naturally 
involved in the regulation of the transcription of the gene 
which is necessary for sequence-specific interaction with the 
transcription factor. The resultant combination is incubated 
under conditions whereby the receptor is bound to the ligand 
and, but for the presence of said candidate pharmacological 
agent, the transcription factor is sequence-spedfically bound 
to the nucleic acid. Unboimd transcription factor is then 
removed or washed from the solid substrate and labelled, 
sequence-specifically bound transcription factor is detected. 
Incubates which include candidate agents which alter tran- 
scription factor binding deviate from control incubates in 
terms of label signal — typically, binding is disrupted and the 
signal is diminished. In a preferred embodiment, the entire 
process is performed by a computer-controllable electrome- 
chanical robot with an axial rotatable arm. 
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TRANSCRIPTION FACTOR-DNA BINDING 
ASSAY 



INTRODUCTION 

1. Field of the Invention 

The field of this invention is assays for screening for drugs 
which interfere with sequence-specific protein-DNA bind- lo 
ing, 

2. Background 

Half the U.S. population is infected with Herpes Simplex 
Vims (HSV) type 1. A quarter of the U.S. population is 
infected with HSV type 2. Over a million Americans are 
infected with HIV. About 1% of all newborns in the U.S. 
have congenital cytomegalovirus infection. The numbers are 
staggering, yet effective therapeutics arc unavailable for 
these and most other viral infections. A similar deficiency is 
found in treatments of heart disease, cancer and many other ^ 
of significant threats to modem human health. 

Gene-specific transcription factors provide a promising 
class of targets for novel therapeutics directed to these and 
other human diseases for the following reasons. One, Iran- ^ 
scription factors offer substantial diversity. Over 300 gene- 
specific transcription factors have been described, and the 
human genome may encode as many as 3000. Hence, they 
provide as plentiful a target source as cell-surface receptors. 
Two, transcription factors offer substantial specificity. Each 
and every factor offers unique molecular surfaces to target. 
Three, transcription factors are known to be involved in 
human disease. For example, many tumors are associated 
with the activation of a specific oncogene. A third of known 
proto-oncogenes and three fourths of all anti-oncogenes are 
transcription factors. 

A number of extremely effective presently marketed drugs 
act, at least indirectly, by modulating gene transcription. For 
instance, in many cases of heart disease, the LDL receptor is 
pathogenically down-regulated at the level of transcription ^ 
by intracellular sterol levels. The drug compactin, an inhibi- 
tor of HMC CoA reductase, functions by up-regulating 
transcription of the LDL receptor gene which leads to 
clearance of cholesterol from the blood stream. 

Identifying and developing new pharmaceuticals is a 45 
multibillion dollar industry in the U.S. alone. Urgently 
needed arc efficient methods of identifying pharmacological 
agents or drugs which are active at the level of gene 
transcription. If amenable to automated, cost-effective, high 
throughput drug screening, such methods would have imme- 50 
diate application in a broad range of domestic and interna- 
tional pharmaceutical and biotechnology drug development 
programs. 

55 
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specific DNA segments amplified by polymerase chain 
reactions. PNAS USA 86, 2423-2427. 
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SUMMARY OF THE INVENTION 

The invention provides methods for identifying pharma- 
cological agents useful in the diagnosis or treatment of 
disease associated with the expression of a gene. 

In general, the methods involve combining a labeled 
protein, a nucleic acid, a candidate pharmacological agent 
and a receptor immobilized on a solid substrate, . such as a 
microtiter plate. The labelled protein includes at least a 
portion of a natural transcription factor involved in the 
regulation' of the gene*s expression. The nucleic acid has at 
least that portion of a nucleotide sequence naturally involved 
in the regulation of the transcription of the gene which is 
necessary for sequence-specific interaction, direct or indi- 
rect, with the transcription factor. The nucleic acid is con- 
jugated to a ligand capable of specificity binding the immo- 
bilized receptor. The resultant mixture is incubated under 
conditions whereby the receptor is bound to the ligand and, 
but for the presence of said candidate pharmacological 
agent, the transcription factor is sequence-specifically bound 
to the nucleic acid. Unbound transcription factor is then 
removed or washed from the solid substrate and labelled, 
sequence-specifically bound transcription factor is detected. 
Binding reactions, "incubates", which include candidate 
agents which alter transcription factor binding deviate from 
control incubates in terms of label retained on the sub- 
strate — typically, binding is disrupted and the signal is 
diminished. In this way, pharmacological agents which 
modulate transcription factor-gene interactions are identi- 
fied. 

A wide variety of alternative embodiments of the general 
method are disclosed. These include a variety of labels, 
ligands, receptors, genes, transcription factors, auxiliary 
factors, etc. In a preferred embodiment, the transcription 
factor is vital or eukaryotic, the label is a radioactive atom, 
the receptor is avidin and the ligand is biotin. Much of the 
method is amenable to performance by electromechanical 
roboL In a preferred embodiment, the method is performed 
by a computer-controllable electromechanical robot with an 
axial rotatable arm. In addition, the invention provides kits 
for drug screening based on the disclosed nucleic acid 
binding methods. 

BRIEF DESCRIPTION OF THE HGURE 
FIG. 1: Schematic of robotic station design. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention provides efficient methods of identifying 
pharmacological agents or drugs which are active at the 
level of gene transcription. The methods are amenable to 
automated, cost-effective high throughput drug screening 
and have immediate application in a broad range of domestic 
and international pharmaceutical and biotechnology drug 
development programs. 

Target diseases are limited only in that disease or disease 
progression be subject to inhibition by alteration of the 
specific interaction of a transcription factor and a gene or 
gene regulatory region. As such, target diseases include 
viral, bacterial and fungal infections, metabolic disease, 
genetic disease, cell growth and regulatory disfunction, such 
as neoplasia, inflammation, hypersensitivity, etc. The target 
diseases may be afflictions of plants, especially agricultural 
crops, or animals, especially livestock, house animals and 
humans. 
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Transcription factors arc capable of sequence-specific 
interaction with a portion of a gene or gene regulatory 
region. The interaction may be direct sequence-specific 
binding where the transcription factor directly contacts the 
nucleic acid or indirect sequence-specific binding mediated 5 
or facilitated by other auxiliary proteins where the transcrip- 
tion factor is tethered to the nucleic acid by a direct nucleic 
acid binding protein. In addition, some transcription factor 
demonstrate induced or synergistic binding. A broad range 
of transcription factor-nucleic acid complexes provide use- 10 
ful targets. The gene and/or transcription factor may be 
derived from a host or from an infectious or parasitic 
organism. As examples, a host may be immunomodulated 
(e.g. by contfolling inflammation or hypersensitivity) by 
modulating the DNA binding of a transcription factor 15 
involved in immune cell activation; or vital, bacterial, or 
other microbial disease progression may be inhibited by 
disrupting the DNA binding of a host, vital or other micro- 
bial transcription factor involved in vital or other microbial 
gene transcription. 20 

Applicable host and vital or microbial transcription fac- 
tors and corresponding oligonucleotide targets are found in 
sources such as the regularly updated Transcription Factor 
Database of the National Center for Biotechnology Infor- 
mation at the National Library for Medicine and Faisst and 25 
Meyer (1991) Nucleic Acids Research 20, 3-26. Preferred 
pain are listed in Table 1 below. 
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-continued 



Factor' 



Binding Sequence^ 



H1TF2 

H2RIIBP 

H2TF1 

H-APF-l 

HNF-1 

vHNF-1 

HNF-3A 

HNF-3B 

HNF-3C 

HNF-4 

HSF 

lAF 

IREBF-1 

IRBP 

ISGFl 

ISGF2 

ISGF3 

KBF-1 

Kerl 

LFB3 

UT-1 

LyF-1 

MBF-I 

MBF-I 

MBP-1 

MCBF 

MEF-2 



Factor^ 


Binding Sequence^ 


30 


MEP-1 
MR 


AAF 


TTTCATATTACrcr (SEQ ID N0:1) 




Myb 


AhR 


TGCGTGAGAAGA (SEQ ID N0:2) 




Myc 


Apl 


TGASTMA 




AP2 


- CCCMCNSSS 




MyoD 


APS 


TGTGGWWW 


35 


NFl 


AP4 


YCAGCTGYGG (SEQ ID N0:3) 


nf-at 


AR 


AGAACANNNTGTTCT (SEQ ID N0:4) 






ARP-1 


TGANCCCTTGACCCCT (SEQ ID N0:5) 




NF-E2 


ATF 


TGACGYMR 




NF-D 


BGPl 


GGGGGGGGGGGGGGGG 




NF-GMa 




(SEQ ID N0:6) 




NF-GMb 


BSAP 


GACGCANYGRWNNNMG 


40 


NF-Uj6 




(SEQ ID N0:7) 




NFxB 


CBF 


ACACCCAAATATGGCGAC 




NF-Wl 




(SEQ ID N0:8) 




NF-W2 


C/EBP 


GTGGWWWG 




NGFl-B 


CFl 


ANATGG 




Oct-1 


COUP 


GTGTCAAAGGTCA (SEQ ID N0:9) 


45 


Oct-2 


CPl 


ynnnnnnrrccaatc:anyk 


Oci-4 




(SEQ ID NO: 10) 




Oci-6 


CP2 


yagynnnrrccaatcnnnr 




Pax-1 




(SEQ ID NO: 11) 






CTCF 


CCCTC 




PCF 


DBP 


tgattttgt 




PEA3 


E2A 


rcagntg 


50 


PPAR 


E2B 


tgcaayay 




PR 


E2F 


ttttsscgs 




PRDI-BFl 


E4F 


TGACGTAAC 




PTFl 


EGR-l 


CGCCCSCGC 






EGR-2 


CCCCCC(XGC (SEQ ID NO: 12) 


55 


Pu.I 


ER 


AGGTCANNNTGACCr (SEQ ID N0:13) 


PuF 


v-ErbA 


GTGTCAAAGGTCA (SEQ ID N0:14) 




RAR 


ETF 


CAGCCCCCGCGCAGC 




RFX 




(SEQ ID N0:15) 






Ets-1 


smggawgy 




RVF 


F-ACTl 


TGGCGA 




SIF 


GATA-1 


wgatar 


60 


Spl 


GATA-2 


WGATAR 




SRF 


GATA-3 


WGATAR 






GCF 


SCGSSSC 




tbp 


GHF-l 


otatycat 




TCF-1 


GHF-5 


wtatycat 




TCF-2a 


GHF-7 


wtatycat 


65 


TEF-l 


GR 


AGAACANNNTGTTCT (SEQ ID NO: 16) 


TEF-2 



gcaccaatcacagcgcgc 

(SEQ ID N0:17) 

tcaggtcacagtgacctga 

(SEQ ID N0:18) 

TGGGGATTCCCCA (SEQ ID N0:19) 
CTGGRAA 

GTTAATNATTAAC (SEQ ID NO:20) 
GTTAATNATTAAC (SEQ ID NO:20) 
TATTGAYTTWG (SEQ ID N0:21) 
TATTGAYTTWG (SEQ ID N0:21) 
TATTGAYTTWG (SEQ ID N0:21) 
KGCWARGKYCAY (SEQ ID N0:22) 
NGAANNGAANNGAAN 
(SEQ ID N0:23) 
GCCATCrrCCT (SEQ ID NO: 24) 
CGGGAAATGGAAACTG 
(SEQ ID NO:25) 
AGTGCACT 

CTTTCAGTTT (SEQ ID NO:26) 
CrTTCTCTTT (SEQ ID NO:27) 
GCTTCAGTTT (SEQ ID NO:28) 
TGGGGATTCCCCA (SEQ ID NO:29) 
GCCTGCAGCC (SEQ ID NO:30) 
GTTAATNATTAAC (SEQ ID N0:31) 
GCGCCCTTTGGACCT (SEQ ID NO:32) 
PPTGGGAGR 

YTAAAAATAAYYY (SEQ ID NO:33) 
TGCRCRC 

TGGGGATTCCCCA (SEQ ID NO:34) 
CATTCCr 

YTAWAAATAR (SEQ ED NO:35) 
TGCROJC 

AGAACANNNNTGTTCT 

(SEQ ID NO:36) 

YAACKG 

CACGTG 

TCTCTTA 

CAACTGAC 

YGGMNNNNNGCCAA (SEQ ID NO:37) 

GGAGGAAAAACn'GTTTCAT 

(SEQ ID NO:38) 

TGACTCAC 

GATGGCGG 

GRGRGTTKCAY (SEQ ID NO:39) 

TCAGRTA 

TKNNGNAAK 

GGGAMTNYCC (SEQ ID NO:40) 

GTTGCATC 

GTTGCATC 

AGGTCATGACCT (SEQ ID N0:4I) 

ATGCAAAT 

ATGCAAAT 

ATGCWAAT 

ATGCAAAT 

CXCCGTTCCGCTCTAGATATCTC 
(SEQ ID NO:42) 

AGAAAGGGAAAGGA (SEQ ID NO:43) 

AGGAAR 

AGGTCA 

AGAACANNNTGTT(rT (SEQ ID NO:44) 

AAGTGAAAGT (SEQ ID NO:45) 

ATGGGANCTCAGCTGTGC 

(SEQ ID NO:46) 

AGAGGAACT 

GGGTGGG 

AGGTCATGAC(rT (SEQ ID NO:47) 

CCCCTTAGCIAACAGATG 

(SEQ ID NO:48) 

AAGATAAAACC (SEQ ID NO:49) 

CCCGTM 

KRGGCTRRK 

GGATGTCCATATTAGGACATCT 

(SEQ ID NO:50) 

TATAAA 

MAMAG 

SAGGAAGY 

AAGYATGCA 

GGGTGTGG 
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-continued 



Factor* 


Binding Sequence'' 


TGT3 


AAUTUn luL C^bvJ lU ISU.31J 


TIN-1 


AGGAAG TTCL- (db(J UJ NU:3Z) 


WT-ZFP 


CGCX-CCCGC 


XFl/2 


TCTTCrCACGCAACT (SEQ ID NO;53) 


XPF-1 


CACCTGNNNN HI CeC 




(SEQ ID NO: 54) 


YB-1 


ATTTTTCTG ATTG G CC A A AO 




(SEQ ID NO: 55) 


Epsteio-Bair 


GGT TAG CAT ATG CTA ACC A 


Vinis EBNA 


(SEQ ID NO:56) 


(B9S8 strain) 




Epstein-Bair 


T TAG CAA TG 


Virus BZLF 




(B9S8 strain) 




Human CBF-1 


CCrrCGGAA (EpstcinBair Virus cis- 




clement) 


Human Papilloma 


A CCG AAA ACG GTG T 


Virus E2 


(SEQ ID NO:57) 


(strain 6) 




Herpes Simplex 


ATG CTA ATG ATA (SEQ ID NO:58) 


Virus Type 1 VP16 




HIV TAT 


GGG TCr CTC TGG TTA GAC CAG 



10 



15 



ATC TGA GCC TGG GAG CTC TCT 
GGC TAA CTA GGG AAC CCA 
(SEQ ID NO:59) 
(TAR RNA SEQUENCE) 



The disclosed methods and kits involve reconstituting, in 
vitro, sequence-specific transcription factor-nucleic acid 
interactions, and challenging the reconstitution with candi- 
date therapeutics. Preferred applications of the method 
include gene transcriptional regulation where at least one 
transcription factor and corresponding gene or gene regula- 
tory region have been molecularly cloned. The methods 
involve forming a mixture of a labelled protein comprising 
at least a potion of a transcription factor, a nucleic acid 
conjugated to a ligand, a candidate pharmacological agent 
and a receptor immobilized on a solid substrate. 

The labelled protein comprises at least a portion of a 
transcription factor and a label, the potion being sufBcient to 
permit sequence-specific binding, direct or indirect, of the ^ 
labelled protein to the nucleic acid conjugate. The portion is 
usually at least about 20, more usually at least about 40, 
most usually at least about 80 amino acids in length and 
includes residues suflRcient to provide the protein with 
sequence-specificity similar to that of the native transcrip- 
don factor Frequently, the labelled protein will include the 
entire transcription factor. The labelled protein is typically 
capable of binding the nucleic acid conjugate with an 
equilibrium constant at least about lO'^M"*, preferably at 
least about 10*M"\ more preferably at least about lO^M 
and not less than six, preferably not less than four, more 
preferably not less than two orders of magnitude less than 
the binding equilibrium constant of the native transcription 
factor under similar conditions. 

Preferred transcription factor portions capable of impart- 55 
ing the requisite binding specificity and affinity are readily 
identified by those skilled in the art A wide variety of 
molecular and biochemical methods are available for gen- 
erating preferred portions, see e.g. Molecular Cloning, A 
Laboratory Manual (2nd Ed., Sambrook, Fritsch and Mania- 
tis. Cold Spring Harbor), Current Protocols in Molecular 
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Biology (Eds. Aufubel, Brent, Kingston, More, Feidman, 
Smith and Stuhl, Greene Publ. Assoc., Wiley-lnterscience, 
NY, N.Y., 1992) or that arc otherwise known in the art. For 
example, deletion routants are screened for sequence-spe- 
cific binding directly using a label or through gel shift 
analysis. 

The labelled protein also comprises a label which is used 
to detect labelled protein-nucleic acid complexes. A wide 
variety of labels may be employed — essentially any label 
that provides for detection of the labelled protein when 
complexed to the nucleic acid conjugate. The label may 
provide for direct detection as radioactivity, luminescence, 
optical or electron density, etc. or indirect detection such as 
an epitope lag, an enzyme, etc. The label may be appended 
to the protein e.g. a phosphate group comprising a radioac- 
tive isotope of phosphorous, or incorporated into the protein 
structure, e.g. a methionine residue comprising a radioactive 
isotope of sulfur. 

The protein may also comprise additional components 
depending upon the assay reagents and conditions. For 
example, it may be desirable that the protein be a fusion 
product of the transcription factor portion and another 
polypeptide, e.g. a polypeptide that is capable of providing 
or enhancing sequence-specific nucleic acid binding or 
stability under assay conditions. 

The nucleic acid conjugate comprises a nucleic acid 
coupled to a ligand The nucleic acid is usually linear and 
double-stranded DNA or RNA, particularly in the case of 
rett-oviral transcription factor binding sites, though circular 
plasmids or other nucleic acids or structural analogs may be 
substituted so long as transcription factor sequence-specific 
binding is retained. In some applications, supercoiled DNA 
provides optimal sequence-specific binding and is preferred. 
The nucleic acid may be of any length amenable to the assay 
conditions and requirements. Typically the nucleic acid is 
between 8 bp and 5 kb, preferably between about 12 bp and 

1 kb, more preferably between about 18 bp and 250 bp, most 
preferably between about 27 and 50 bp. 

The nucleic acid has a sequence at least a portion of which 
is common to the gene or gene regulatory region to which 
the native transcription factor normally binds. The portion 
may be continuous or segmented and shares sufi&cient 
sequence and sequence similarity with the gene or gene 
regulatory region to provide sequence-specific binding of 
the labelled protein. Typically, this binding site portion of 
the nucleic acid constitutes at least about 4, preferably at 
least about 6, more preferably at least about 8 nucleotides. 
Additional nucleotides may used to provide structure which 
enhances or decreased binding or stability, etc. For example, 
combinatorial DNA binding can be effected by including 
two or more DNA binding sites for different or the same 
transcription factor on the oligonucleotide. This allows for 
the study of cooperative or synergistic DNA binding of two 
or more factors, eg. HPV El and E2 bind cooperatively to 
DNA by virtue of their protein-protein interaction. In addi- 
tion, the nucleic acid can comprise a cassette into which 
transcription factor binding sites are conveniently spliced for 
use in the subject assays. An exemplary cassette showing 
how new DNA binding sites can be exchanged in a simple 
fashion within a common 30-mer sequence appears in Table 

2 below. 



TABLE 2 

EBV EBNA-1 site GGA T CT GOT TAG CAT ATG CTA ACC A GO ATC (SEQ ID NO:60) 

HPV E2 substituted GGA TCT GGT ACC GAA AAC GGT ACC AGG ATC (SEQ ID N0:6l) 



! 
i 
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^ TABLE 2-continued 

EBV BZLF-I subsliluicd GO A TCT GOT TAG TTA GCA ATG ACC AGG ATC (SEQ ID NO:62) 

Nf-kB and homologs GGA TCT GGT TAG GGG ATT TCC ACC AGG ATC (SEQ ID NO:63) 

HSV VPI6 cis-elemcm GGA TCT GGT T AT OCT AAT GAT AT C AGG ATC (SEQ ID NO:64) 



The ligand of the nucleic acid conjugate is capable of 
specifically binding the immobilized receptor. The ligand- 
rcceptor binding is specific enough to provide a maximized 10 
and at least measurable signal to noise ratio (receptor 
mediated vs, non-specific retention of the label on the 
substrate). The nucleic acid conjugate is typically capable of 
binding the receptor with an affinity of at least about 
lO^M"^, preferably at least about 10*M"\ more preferably j 
at least about lO^M"' . In a preferred embodiment, a plurality 
of ligands are capable of binding each receptor. Exemplary 
ligand-receptor pairs include biotin and avidin, antigen and 
antibody, sugar and lectin, ion and chelator, etc. 

The receptor is immobilized on a solid substrate which j, 
may be any solid from which the unbound labelled protein 
may be conveniently separated. The solid substrate may be 
made of a wide variety of materials and in a wide variety of 
shapes, e.g. microfiter plate, microbead, dipstick, resin par- 
ticle, etc. The substrate is chosen to maximize signal to noise 
ratios, primarily to minimize background binding, for ease ^' 
of washing and cost. For example, beads with iron cores may 
be readily isolated (washed) using magnets. 

The mixture aim comprises a candidate pharmacological 
agent. Candidate agents encompass numerous chemical 
classes, though typically they are organic compounds; pref- 
erably small organic compounds. Small organic compounds 
have a molecular weight of more than 50 yet less than about 
2,500, preferably less than about 1000. more preferably, less 
than about 500. Candidate agents comprise functional 
chemical groups necessary for structural interactions with 
proteins and/or DNA, and typically include at least an 
amine, carbonyl. hydroxy 1 or carboxyl group, preferably at 
least two of said flmctional chemical groups, more prefer- 
ably at least three. The candidate agents often comprise 
cyclical carbon or heterocyclic structures and/or aromatic or 
polyaromatic structures substituted with one or more of the 
forementioned functional groups. Candidate agents are also 
found among biomolecules including peptides, saccharides, 
fatty acids, steroids, purines, pyrimidines, derivatives, struc- 
tural analogs or combinations thereof, and the like. 

Candidate agents are obtained from a wide variety of 
sources including libraries of synthetic or natural com- 
pounds. For example, numerous means are available for 
random and directed synthesis of a wide variety of organic 50 
compounds and biomolecules, including expression of ran- 
domized oligonucleotides. Alternatively, libraries of natural 
compounds in the form of bacterial, fungal, plant and animal 
extracts are available or readily produced. Additionally, 
natural and synthetically produced libraries and compounds 55 
are readily modified through conventional chemical, physi- 
cal, and biochemical means. In addition, known pharmaco- 
logical agents may be subject to directed or random chemi- 
cal modifications, such as acylation, alkylation. 
esterification, amidification, etc., to produce structural ana- go 
logs. 

In addition to the labelled protein, nucleic acid conjugate, 
candidate agent and immobilized receptor, the mixture usu- 
ally includes additional reagents, such as salts, buffers, etc. 
to facilitate optimal receptor-ligand and protein-nucleic acid 65 
binding. Auxiliary proteins or portions thereof may also be 
included to mediate, facilitate or otherwise enhance 



sequence-specific protein-nucleic acid binding. For 
example, sequence-specific binding of a number of viral 
transcription factors is enhanced when complexed with one 
or more cellular proteins, e.g. Octl and HCF in the case of 
HSVs VP16. Other exemplary auxiliary proteins include 
CBFl. for EBNA-2 binding. ATF-2 or AP-1 for Adenovirus 
El A binding, etc. 

A variety of other reagents may also be included in the 
mixture. These include reagents like detergents which may 
be used to reduce non-specific or background protein- 
substrate, nucleic acid-substrate, protein-protein and pro- 
tein-DNA interactions, etc. Also, reagents that otherwise 
improve the efficiency of the assay, such as protease inhibi- 
tors, nuclease inhibitors, antimicrobial agents, etc. may be 
used. 

The mixture is incubated under conditions whereby the 
receptor is bound to the ligand and, but for the presence of 
said candidate pharmacological agent, the labelled protein is 
sequence-specifically bound to the nucleic add. The mixture 
components can be added in any order that provides for the 
requisite bindings. For example, the nucleic acid conjugate 
may be added first and prcbound to the substrate through 
ligand-reccptor binding before the labelled protein is added. 
Alternatively, the nucleic acid conjugate and labelled protein 
can be preincubated and complexed and then added to the 
substrate for attachment, or the various mixture components 
and reagents can be added to the substrate simultaneously. 
Adding the protein and nucleic acid components together 
may be thermodynamically advantageous in that in some 
nucleic acid-protein complexes, initial binding may be 
favored by a soluble, unrestrained nucleic acid molecule. 

Incubations may be performed at any temperature which 
facilitates optimal binding, typically between 4° and 40° C, 
more commonly between 15** and 40° C. Incubation periods 
are likewise selected for optimal binding but also minimized 
to facilitate rapid, high-throughput screening. Typically, 
protein-nucleic acid and receptor-ligand pairs are coincu- 
bated between 0. 1 and 10 hours, preferably less than 5 hours, 
more preferably less than 2 hbiu-s each; of course, the 
incubations may and preferably do run simultaneously. 

After receptor-ligand and protein-nucleic acid binding 
have occurred, a fraction comprising labelled protein which 
is not sequence-specifically bound is separated from the 
solid substrate. This step may be accomplished in a variety 
of ways including removing a bead or dipstick from a 
reservoir, emptying or diluting reservoir such as a microtiter 
plate well, rinsing a bead, particle, chromatographic column 
or filter with a wash solution or solvent. TVpically, the 
separation step will include an extended rinse or wash or a 
plurality of rinses or washes. For example, where the solid 
substrate is a microtiter plate, the wells may be washed 
several times with a washing solution, which typically 
includes those components of the incubation mixture that do 
not participate in specific binding such as salts, buffer, 
detergent, nonspecific protein, etc. 

After separating the unbound fraction from the solid 
substrate, the presence of bound nucleic acid-protein com- 
plex is detected via the labeled protein. A variety of methods 
may be used to detect the label depending on the nature of 
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the label and other assay components. For example, the label 
may be detected bound to the solid substrate or a portion of 
the bound complex containing the label may be separated 
from the solid substrate, and thereafter the label detected. 
Labels may be directly detected through optical or electron 5 
density, radiative emissions, nonradiative energy transfers, 
etc. or indirectly detected with antibody conjugates, etc. For 
example, in the case of radioactive labels, emissions may be 
detected directly, e.g. with particle counters or indirectly, 
e.g. with scintillation cocktails and counters. 

Candidate agents shown to modulate transcription com- 
plex formation provide valuable reagents to the pharmaceu- 
tical and agricultural industries for cellular, plant, field crop, 
animal and human trials. 

The methods are particularly suited to automated high 
throughput drug screening. In a preferred embodiment, the 
individual sample incubation volumes are less than about 
500 ul, preferably less than about 250 ul, more preferably 
less than about 100 ul. Such small sample volumes minimize 
the use of often scarce candidate agent, expensive transcrip- 
tion complex components, and hazardous radioactive waste. 
Furthermore, the methods provide for automation, espe- 
cially computerized automation. Accordingly, the method 
steps are preferably performed by a computer-controlled 
electromechanical robot. While individual steps may be ^ 
separately automated, a preferred embodiment provides a 
single computer-controlled multifunction robot with a single 
arm axially rotating to and from a plurality of work stations 
performing the mixture forming, incubating and separating 
steps. The computer is loaded with software which provides 
the instructions which direct the arm and work station 
operations and provides input (e.g. keyboard and/or mouse) 
and display (e.g. monitor) means for operator interfacing. 

In a particular embodiment, the robotic station comprises 
a robotic arm 1 with axially-positioned work stations includ- 35 
ing a working source plate station 2, a working pipette tip 
station 3, a working assay plate station 4, a liquid dispensing 
station 5, a wash station 6, an eight channel pipettor station 
7, a grip hand station 8, a shaker station 9, a cooling station 
10 and a pipet tip storage station 11. The arm retrieves and 40 
transfers a microtiler plate to a liquid dispensing station 
where measured aliquots of each an incubation buffer and a 
solution comprising one or more candidate agents are depos- 
ited, into each designated well. The arm then retrieves and 
transfers to and deposits in designated wells a measured 45 
aliquot of a solution comprising a labeled transcription 
factor protein. After a first incubation period, the liquid 
dispensing station deposits in each designated well a mea- 
sured aliquot of a biotinylated nucleic acid solution. The first 
and/or following second incubation may optionally occur 50 
after the arm transfers the plate to a shaker station. After a 
second incubation period, the arm transfers the microtiter 
plate to a wash station where the unbound contents of each 
well is aspirated and then the well repeatedly filled with a 
wash buffer and aspirated. Where the bound label is radio- 55 
active phosphorous, the arm retrieves and transfers the plate 
to the liquid dispensing station where a measured aliquot of 
a scintillation cocktail is deposited in each designated well. 
Thereafter, the mount of label retained in each designated 
well is quantified. 60 

In more preferred embodiments, the liquid dispensing 
station and arm are capable of depositing aliquots in at least 
eight wells simultaneously and the wash station is capable of 
fiUing and aspirating ninety-six wells simultaneously. Pre- 
ferred robots are capable of processing at least 640 and 65 
preferably at least about 1.280 candidate agents every 24 
hours, e.g. in microtiter plates. 



The following examples are offered by way of illustration 
and not by way of limitation. 

EXAMPLES 

GENERIC PROTOCOL FOR TRANSCRIPTION 
FACTOR-DNA BINDING ASSAY 

1. Reagents: 

Neutralite Avidin: 20% ng/ml in PBS. 

Blocking buffer: 5% BSA, 0.5% Tween 20 in PBS; 1 hr, RT. 

Assay Buffer 100 mM KCl, 20 mM HEPES pH 7.6, 0.25 
mM EDTA, 1% glycerol, 0.5% NP-40, 50 mM BME, 1 
mg/ml BSA, cocktail of protease inhibitors. 

^^P Full-Length Transcription Factor lOx stock: 1-5x10"® 
"cold" protein comprising unlabeled protein comprising 
transcription factor portion supplemented with 
100,000-500,000 cpm of labeled protein (Beckman 
counter). Placed in the 4° C. microfridgc during screen- 
ing. 

Protease inhibitor cocktail (lOOOx): 10 mg Trypsin Inhibitor 
(BMB #109894), 10 mg Aprolinin (BMB #236624), 25 
mg Benzamidine (Sigma #B-6506), 25 mg Leupeptin 
(BMB #1017128), 10 mg APMSF (BMB #917575), and 
2 mM NaVo3 (Sigma #S-6508) in 10 ml of PBS. 

Oligonucleotide stock: (specific biotinylated). Biotinylated 
oligo at 1-100 pmole/iil, including transcription factor 
binding site: (BIOTIN)-oligo; e.g. derived from Table 1. 
anti-sense: derived as reverse complement of target oligo 
above. 

2. Preparation of assay plates: 

Coat with 100 pi of stock N-Avidin per well overnight at 4" 
C. 

Wash 2x with 200 \j\ PBS. 

Block with 150 of blocking buffer. 

Wash 2x with 200 \i\ PBS. 

3. Assay: 

Add 40 pi assay buffer/well. 
Add 10 jil compound or extract. 

Add 10 pi ^^P-labelled protein (10,000-50,000 cpm/well; 

10"^°-10~**M final concentration). 
Shake at RT for 15 min. 
Incubate additional 45 min. at 25 C. 
Add 40 pi oligo mixture (1.0 pmoles/40 ul in assay buffer) 
Incubate 1 hr at 25 C. 

Stop the reaction by washing 4x with 200 pi PBS. 
Add 150 pi scintillation cocktail. 
Count in Topcoimt. 

PROTOCOL FOR EPSTEIN BARR VIRUS 
EBNA-1 BINDING ASSAY 

1. Reagents: 

Neutralite Avidin: 20 pg/ml in PBS. 

Blocking buffer: 5% BSA, 0.5% Tween 20 in PBS; 1 hr, RT. 

Assay Buffer: 100 mM KCl, 20 mM HEPES pH 7.6, 0.25 
mM EDTA, 1% glycerol, 0.5% NP-40, 50 mM BME, 1 
mg/ml BSA, cocktail of protease inhibitors. 

3^P EBNA lOx stock: 3x10"* "cold" EBNA (M.W. ^,000 
for dimer) supplemented with 200,000-250,000 cpm of 
labeled EBNA-1 (Beckman coimter). This is to be placed 
in the 4° C. microfridgc during screening. 

Protease inhibitor cocktail (lOOOx): 10 mg Trypsin Inhibitor 
(BMB #109894). 10 mg Aprotinin (BMB #236624), 25 
mg Benzamidine (Sigma #B-6506), 25 mg Leupeptin 
(BMB #1017128), 10 mg APMSF (BMB #917575), and 
2 mM NaV03 (Sigma #S-6508) in 10 ml of PBS. 
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Oligonucleotide stock: (specific biotinylated). Biotinylated 
oligo at 17 pmole/[il. EBNA site T0889/832: (BIOTIND- 
GGA TCT GGT TAG CAT ATG CTA ACC AGG ATC 
(SEQ ID NO: 60) anti-sense-GAT CIT GGT TAG CAT 
ATG CTA ACC AGA TCC (SEQ ID NO: 65) 5 

2. Preparation of assay plates: 

Coat with 100 |il of slock N-Avidin per well overnight ai 4® 
C. 

Wash 2x with 200 ^1 PBS. 

Block with 150 pi of blocking buffer. lo 
Wash 2x with 200 pi PBS. 

3. Assay: 

Add 40 \il assay buffer/well. 
Add 10 \il compound or extract 

Add 10 pi 2^P-EBNA-1 (20.000-25,000 cpm/0.3 pmoles/ 15 

well=3xlO~^M final concentration). 
Shake at RT for 15 min. 
Incubate additional 45 min. at RT. 
Add 40 pi oligo mixture (1.0 pmoles/40 ul in assay buffer). 
Incubate 1 hr at RT. 20 
Stop the reaction by washing 4x with 200 pi PBS. 
Add 150 p] scintillation cocktail. 
Count in Topcount. 



PROTOCOL FOR EPSTEIN BARR VIRUS 
BZLF-1 BINDING ASSAY 



25 



1. Reagents: 
Neutralitc Avidin: 20 pg/ml in PBS. 

Blocking buffer 5% BSA. 0.5% Tween 20 in PBS; 1 hr. RT. 30 

Assay Buffer 100 mM KCl, 20 mM HEPES pH 7.6, 0.25 
mM EDTA. 1% glycerol. 0.5% NP-40, 50 mM BME. 1 
mg/ml BSA, cocktail of protease inhibitors. 

"P Full-Length BZLF lOx slock: IxlCr^ "cold" BZLF 
supplemented with 180,000-220.000 cpm of labeled 35 
BZLF (Beckman counter), resulting in an approx. specific 
activity of 180,000-220,000 cpm/ 1 pmole (M.W. -54,000 
for dimcr). The protein stock solution contains 70% 
El-OH. 30% assay buffer without BSA, and 50 mM BME 
(final concentration). The protein is to be placed in the 4° 40 
C. microfridge during screening. 

Protease inhibitor cocktail (lOOOx): 10 mg Trypsin Inhibitor 
(BMB #109894), 10 mg Aprotinin (BMB #236624), 25 
mg Benzamidine (Sigma #B-6506), 25 mg Leupeptin 
(BMB #1017128). 10 mg APMSF (BMB #917575), and 45 
2 mM NaVoj (Sigma #S-6508) in 10 ml of PBS. 

Oligonucleotide stock: (specific biotinylated). Biotinylated 
oligo at 22 pmole/pl. BZLF site ■T0855/854: sense-(BI- 
OTIN) TTAT CTA CAT TAG C AA TGC CTT AGC AAT 
GTG CAT A (SEQ ID NO: 66) anti-sensc-TAT GCA CAT 50 
TGC TAA GGC ATE GCT AAT GTA GAT A (SEQ ID 
NO: 67) 

2. Preparation of assay plates: 

Coat with 100 pi of stock N- Avidin per well overnight at 4** 

C. 55 
Wash 2x with 200 pi PBS. 
Block with 150 pi of blocking buffer. 
Wash 2x with 200 pi PBS. 

3. Assay: 

Add 40 pi assay buffer/well. eo 
Add 10 pi compound or extract. 

Add 10 pi 33p-BZLF( 18.000-22.000 cpm/0.1 pmoles/well= 

1x10 final concentration). 
Shake at RT for 15 min. 

Incubate additional 45 min. at RT. 65 
Add 40 pi oligo mixture (1.0 pmoles/40 ul in assay buffer) 
Incubate I hr at RT. 



Stop the reaction by washing 4x with 200 pi PBS. 
Add 150 pi scintillation cocktail. 
Count in Topcount. 

PROTOCOL FOR HUMAN PAPILOMA VIRUS 6 
E2 BINDING ASSAY 

1. Reagents: 

Neutralite Avidin: 20 pi /ml in PBS. 
Blocking buffer 5% BSA, 0.5% Tween 20 in PBS; 1 hr. 25 
C. 

Assay Buffer: 100 mM KCl, 20 mM HEPES pH 7.6. 0.25 
mM EDTA, 1% glycerol, 0.5% NP-40. 50 mM BME, 1 
mg/ml BSA, cocktail of protease inhibitors. 

^^P Full-Length E2 lOx stock: 1x1 0~* "cold" E2 supple- 
mented with 200,000-300,000 cpm of labeled E2, result- 
ing in an approx. specific activity of 200.000-300,000 
cpm/1 pmole (M.W, -lOOkD for dimer). Place in microf- 
ridge set at 4° C. 

Protease inhibitor cocktail ( 1 OOOx): 1 0 mg Trypsin Inhibitor 
(BMB #109894). 10 mg Aprotinin (BMB #236624). 25 
mg Benzamidine (Sigma #B-6506), 25 mg Leupeptin 
(BMB #1017128), 10 mg APMSF (BMB #917575), and 
2 mM NaVoa (Sigma #S-6508) in 10 ml of PBS. 

Oligonucleotide stock: (specific biotinylated and sheared 
salmon sperm (sss)-DNA). Biotinylated oligo at 25 
pmole/ml, HPV-E2 1 site T0922/923: (BIOTIN)-CCA 
GAG TGA CCG AAA ACG GTG TGA GAG C (SEQ ID 
NO: 68) anti-sense- GGT CTC ACA CCG TIT TCG GTC 
ACT CTG G (SEQ ID NO: 69) and sss-DNA at 25 pg/ml 
in assay buffer. 

2. Preparation of assay plates: 

Coat with 100 pi of stock N- Avidin per well overnight at 4° 
C. 

Wash 2x with 200 pi PBS. 

Block with 150 pi of blocking buffer. 

Wash 2x with 200 pi PBS. 

3. Assay: 

Add 40 pi assay buffer/well. 
Add 10 pi compound or extract. 

Add 10 pi "P-E2 (20,000-30,000 cpm/O.l pmoles/wcll=lx 

10~^M final concentration). 
Shake at 25 C for 15 min. 
Incubate additional 45 min. at 25 C. 
Add 40 pi oligo mixmre (1 pmole of biotinylated specific 

oligo and 1 pg of sss-DNA) 
Incubate 1 hr at 25 C. 

Stop the reaction by washing 4x with 200 pi PBS, 
Add 150 pi scintillation cocktail. 
Count in Topcount. 

4. Controls: 

a. Non-specific binding (no oligo added) 

b. Specific soluble oligo at 80% inhibition 

PROTOCOL FOR Nf-kB BINDING ASSAY 
(p65/p50) 

1. Reagents: 

Neutralite Avidin: 50 pg/ml in PBS. 

Blocking buffer: 5% BSA, 0.5% Tween 20 in PBS; 1 hr. RT. 

Assay Buffer: 100 mM KCl, 20 mM HEPES pH 7,9, 0.5 mM 
EDTA, 1% glycerol, 0,5% NP-40. 1 mg/ml BSA. 50 mM 
BME, cocktail of protease inhibitors. 

^^Pp65/p65/p50 lOx stock: 1x10"* "cold" p65/p50 (5x10" 
9M p65+5xlO"' M p50 supplemented with 200.000-300, 
000 cpm of labeled p65, resulting in an approx, specific 
acUvity of 200.000-300.000 cpm/1 pmole. Heterodimer 
formation is promoted by incubating the mixture for 1 hr 
at 37° C prior lo use. 
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Protease inhibitor cocktail (lOOOx); 10 mg Trypsin Inhibitor 
(BN4B #109894), 10 mg Aprotinin (BMB #236624), 25 
mg Benzamddine (Sigma #B-6506), 25 mg Leupeptin 
(BMB #1017128), 10 mg APMSF (BMB #917575), and 
2 mM NaVoa (Sigma #S-6508) in 10 ml of PBS. 5 

Biotinylated oligo: 40x stock at 1 pmoles/1 pi in assay 
buffer. ELAM 2 site END- 126/1 27: (BIOTIN)-CAA CAG 
ATT GGG GAT ITC CTC GGT TCC ATT GGG GAT 
TTC CTC CAG C (SEQ ID NO: 70) anti-sense-GC TGA 
GAG GAA ATC CCC AAT GGA ACC GAG GAA ATC 10 
CCC AAT CTG TTG (SEQ ID NO: 71) 

2. E*reparation of assay plates: 

Coat with 100 |il of slock N-Avidin per well overnight at 4° 
C. 

Wash 2x with 200 )j1 PBS. 15 
Block with 150 pi of blocking buffer. 
Wash 2x with 200 |j1 PBS. 

3. Assay: 

Add 40 \i\ assay buffer/well. 

Add 10 pi compound or extract. 20 
Add 10 pi ^^P-p65/p50 (20,000-30,000 cpm/0.1 pmoles/ 

well=lxlO"^M final concentration). 
Shake at RT for 15 rain. 
Incubate additional 45 min. at RT. 

Add 40 pi biotinylated oligo (1 .0 pmole/40 pi /well) in assay 25 

buffer. 
Incubate 1 hr at RT. 

Stop the reaction by washing 4x with 200 pi PBS. 
Add 150 pi scintillation cocktail. 

Count in Topcoimt. 30 

PROTOCOL FOR Nf-kB BINDING ASSAY 
(p65/p65) 



1. Reagents: 35 
Neutralite Avidin: 20 pg/ml in PBS. 

Blocking buffer: 5% BSA, 0.5% TXvecn 20 in PBS; 1 hr, RT. 

Assay Buffer 100 mM KCl, 20 mM HEPES pH 7.9, 0.5 mM 
EDTA, 1% glycerol. 0.5% NP-40, 1 mg/ml BSA, 50 mM 
BME, cocktail of protease inhibitors. 40 

^^Pp65/p65 lOx stock: 1x10"* "cold" p65 supplemented 
with 200,000-300,000 cpm of labeled p65, resulting in an 
approx. specific activity of 200,000-300,000 cpm/ 1 
pmole. 

Protease inhibitor cocktail (lOOOx): 10 mg Trypsin Inhibitor 45 
(BMB #109894), 10 mg Aprotinin (BMB #236624), 25 
mg Benzamidine (Sigma #B-6506), 25 mg Leupeptin 
(BMB #1017128), 10 mg APMSF (BMB #917575), and 
2 mM NaV03 (Sigma #S-6508) in 10 ml of PBS. 

Biotinylated oligo: 40x stock at 1 pmoles/1 pi in assay 50 
buffer. ELAM 2 site END- 126/1 27: (BIOTIN) -CAA 
CAG ATE GGG GAT TTC CTC GGT TCC ATE GGG 
GAT TEC CTC CAG C (SEQ ID NO: 70) anti-sense-GC 
TGA GAG GAA ATC CCC AAT GGA ACC GAG GAA 
ATC CCC AAT CTG TTG (SEQ ID NO: 72) 55 

2. Preparation of assay plates: 

Coat with 100 pi of stock N-Avidin per well overnight at 4° 
C, 

Wash 2x with 200 pi PBS. 

Block with 150 pi of blocking buffer. 60 
Wash 2x with 200 pi PBS. 

3. Assay; 

Add 40 pi assay buffer/well. 
Add 10 pi compound or extract. 

Add 10 pi "P-p65 (20,000-30,000 cpm/0.1 pmolcs/wcll= 65 

lxlO~*M final concenu-ation). 
Shake atRTfor 15 min. 



Incubate additional 45 min. at RT. 

Add 40 pi biotinylated oligo (1.0 pmole/50 pi /well) in assay 

buffer. 
Incubate 1 hr at RT. 

Stop the reaction by washing 4x with 200 pi PBS. 
Add 150 pi scintillation cocktail. 
Count in Topcount. 

PROTOCOL FOR HERPES SIMPLEX VIRUS 
VP- 16 BINDING ASSAY 

1. Reagents: 

Neutralite Avidin: 20 pg/ml in PBS. 
Blocking buffer 5% BSA, 0.5% Twccn 20 in PBS; 1 hr, 
25C. 

Assay Buffer 100 mM KCI, 20 mM HEPES pH 7.6, 0.25 
mM EDTA, \% glycerol, 0.5% NP-40, 50 mM BME, 1 
mg/ml BSA, cocktail of protease inhibitors. 
^3p Truncated VP-16/HCF/0CT-1 lOx stock mix: IxlO"* 
"cold" VP- 16 supplemented with 250,000-300,000 cpm of 
labeled VP- 16, resulting in an approx. specific activity of 
250,000-300,000 cpm/1 pmole (M.W. -18 kD). 50 pi HCF. 
and 500 ng of OCT-1 per ml of the stock mix. Place in 
microfridge set at 4® C. 

Protease inhibitor cocktail (lOOOx): 10 mg Trypsin Inhibitor 
(BMB #109894), 10 mg Aprotinin (BMB #236624), 25 
mg Benzamidine (Sigma #B-6506), 25 mg Leupeptin 
(BMB #1017128), 10 mg APMSF (BMB #917575), and 
2 mM NaVo3 (Sigma #S-6508) in 10 ml of PBS. 

Oligonucleotide stock: (specific biotinylated and sss-DNA). 
Biotinylated oligo at 25 pmole/ml, HSV-VP-16 T0876/ 
877: sen se-Biotin T-GAT ACT CAG GAC TGA ATG 
CCG TGC ATG CTA ATG ATA TTC TIT GCTT TGA TC 
(SEQ ID NO: 73); anti-sense- GAT CAA GC A AAG AAT 
ATC ATT AGC ATG CAC GGC ATT CAG TCC TGA 
CTA TC (SEQ ID NO: 74) and sss-DNA at 2.5 pg/ml in 
assay buffer. 

2. Preparation of assay plates: 

Coat with 120 pi of stock N-Avidin per well overnight at 4° 
C. 

Wash 2x with 200 pi PBS. 

Block with 150 pi of blocking buffer. 

Wash 2x with 200 pi PBS. 

3. Assay: 

Add 40 pi assay buffer/well. 
Add 10 pi compound or extract. 

Add 10 pi "P-VP-16, HCF, OCT-1 stock (25,000-30,000 
cpm/0.1 pmoles/well=lxlO"^M final concentration, 0.5 pi 
HCF, and 5 ng OCT-l) 

Shake at 25 C for 15 min. 

Incubate additional 45 min. at 25 C. 

Add 40 pi oligo mixture (1 pmole of biotinylated specific 
oligo and 100 ng of ss-DNA) — ^Incubate 1 hr at 25 C. 

Stop the reaction by washing 4x with 200 pi PBS, 

Add 150 pi scintillation cocktail. 

Count in Topcount. 

4. Controls for all assays Oocated on each plate): 

a. Non-specific binding (no oligo added) 

b. Specific soluble oligo at 80% inhibition. 

PROTOCOL FOR HIV TAT BINDING ASSAY 

1. Reagents: 
Neuu^ite Avidin: 20 pg/ml in PBS. 
Blocking buffer: 5% BSA, 0.5% Twccri 20 in PBS; 1 hr, RT 
Assay Buffer: 100 mM KCl, 20 mM HEPES pH 7.9, 0.5 mM 

EDTA, 1% glycerol, 0.5% NP^O, 1 mg/ml BSA, 50 mM 

BME, cocktail of protease inhibitors. 
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^^PTATlOx stock: 1x10"^ "cold" p65 supplemented with 
200,000-300.000 cpm of labeled TAT, resulting in an 
approx. specific activity of 200.000-300,000 cpm/) 
pmolc. 

Protease inhibitor cocktail (lOOOx): 1 0 mg Trypsin Inhibitor 5 
(BMB #109894). 10 mg Aprotinin (BMB #236624), 25 
mg Benzamidine (Sigma #B-6506), 25 mg Leupeptin 
(BMB #1017128). 10 mg APMSF (BMB #917575), and 
2 mM NaVOa (Sigma #S-6508) in 10 ml of PBS. 

Biotinylated oligo: 40x stock at 1 pmoles/1 pi in assay 10 
buffer. TAR RNA site: (BIOTIN) -GGG TCT CTC TGG 
TTA GAC CAG ATC TGA GCC TGG GAG CTC TCT 
GGC TAA CTA GGG AAC CCA (SEQ ID NO: 75) 

2, Preparation of assay plates: 

Coat with 100 pi of stock N-Avidin per well overnight at 4* 15 
C, 

Wash 2x with 200 pi PBS. 

Block with 150 pi of blocking buflfer. 

Wash 2x with 200 pi PBS. 

3. Assay: 20 
Add 40 pi assay buffer/well. 

Add 10 pi compound or extract. 
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Add 10 pi "P-pTAT (20.000-30,000 cpm/0.1 pmoles/well= 

1x10"'M final concentration). 
Shake at RT for 15 min. 
Incubate addidonal 45 min. at RT. 
Add 40 pi biotinylated oligo (l.O pmole/50 pi /well) in assay 

buffer. 
Incubate 1 hr at RT. 

Stop the reaction by washing 4x with 200 pi PBS. 
Add 150 pi scintillation cocktail. 
Count in Topcouni. 

All publications and patent applications cited in this 
specification are herein incorporated by reference as if each 
individual publication or patent application were specifically 
and individually indicated to be incorporated by reference. 
Although the foregoing invention has been described in 
some detail by way of illustration and example for purposes 
of clarity of understanding, it will be readily apparent to 
those of ordinary skill in the an in light of the teachings of 
this invention that certain changes and modifications may be 
made thereto without departing from the spirit or scope of 
the appended claims. 



SEQUENCE USTING 



( 1 ) GENERAL INFORMATION: 

C i i i ) NUMBER OF SEQUENCES: 75 



( 2 ) INFORMATION FOR SEQ ID N0:1: 

( i ) SEQUENCE CHAR ACFERISTICS: 
( A ) LENGTH: 14 base pairs 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIFnON: SEQ ED NO: I: 



C 2 ) INFORMATION FOR SEQ ID N0:2: 

t i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; 12 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( I i ) SEQUENCE DESCRIPTION: SEQ ID N0:2: 



( 2 ) INFORMATION FOR SEQ ID N0:3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 10 base poira 
( B ) TYPE: nucleic add 
( C ) STRAPJDEDNESS: linglc 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPnON: SEQ ID N0:3: 
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( 2 ) INFORMATION FOR SEQ ID N0:4: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 baic pain 
( B ) TVPE: nucteic acid 
{ C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

C i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

AGAACANNNT GTTCT 1 5 



( 2 ) INFORMATION FOR SEQ ID NOJ: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 base pain 
{ B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:5: 



( 2 ) INFORMATION FOR SEQ ID N0:6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 base pairs 
( B ) TYPE: oudcic acid 
( C ) STRANDEDNESS: single 
C D ) TOPOLOGY: linear 

( i i ) MOLECULE TTPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SHQ ID Na6: 

GGGGGGGGGG GGGCCO 1 6 



( 2 ) INFORMATION FOR SEQ ID N0:7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 base pairs 
( B ) TYPE: nucleic acid 
( C ) SniANDHDNESS: single 
( D ) TOPOLOGY: linear 

{ i i ) MOLECXTLE TYPE: cDNA 

C x i ) SEQUENCE DESCRIPTION: SEQ ID N0:7: 

GACGCANYGR WNNNMG 16 



( 2 ) INFORMATION FOR SEQ ID N0:8: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 base pain 
( B ) TYPE: nucleic acid 
( C ) STOANDEDNESS: single 
( D ) TOPOLOGY: Uncar 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0;8: 



( 2 ) INFORMATION FOR SEQ ID N0:9: 



C i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 13 baxc pain 
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( B ) TYPE: nucleic acid 

( C ) STOANDEDNESS: single 

( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIFHON: SEQ ID N0.-9: 

CTGTCAAAGG TCA 1 3 



( 2 ) INFORMATION FOR SEQ ID NO: 10: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 19 base pain 
( B ) TYPE: nucldc acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X 1 ) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Y N N N N N N R R C C A A T C A N Y K 1 9 



( 2 ) INFORMATION FOR SEQ ID NO: 11: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 19 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE; cDNA 

( X i ) SEQUENCE DESCRIPTION; SEQ ID NO:! 1: 

YAGYNNNRRC CAATCNNNR 



( 2 ) INFORMATION FOR SEQ ID NO: 12: 

( i ) SEQUENCE CHARACTERISTICS: 
( A } LENGTH: 10 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: mglc 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



( 2 ) INFORMATION FOR SEQ ID NO: 13: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
C D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIITION: SEQ ID NO: 13: 



( 2 ) INFORMATION FOR SEQ ID N0:14: 

( i ) SEQUENCE CHARACTERISTICS; 

( A ) LENGTH: 13 base pairs 
( B ) TYPE: nucleic acid 
{ C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 
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( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:U: 
GTGTCAAAGG TCA 

( 2 ) INFORMATION FOR SEQ ID N0:15: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 base pairi 
( B ) TYPE: naclcic acid 
( C ) STTIANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRimON: SEQ ID N0:15: 

CAGCCCCCGC GCAGC 

( 2 ) INFORMATION FOR SEQ ED NO: 16: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; IS base pairs 
( B ) TYPE: Duckic acid 
C C ) STRANDEDNESS: single 
C D ) TOPOLOGY: linear . 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:16: 

AGAACANNNT GTTCT 

( 2 ) INFORMATION FOR SEQ ID NO: 17: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 base pairs 
( B } TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

GCACCAATCA CAGCGCGC 

( 2 ) INFORMATION FOR SEQ ID NO: 18: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 19 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

TCAGOTCACA GTGACCTGA 



( 2 ) LNFORMATION FOR SEQ ID N0;19: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 13 bate pain 
( B ) TYPE: nucleic icid 
( C ) STRANDEDN-ESS; single 
( D ) TOPOLOGY: Unear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:19: 

TGGGGATTCC CCA 



1 3 
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( 2 ) INFORMATION FOR SEQ ID NO:20: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 13 bau pain 
( B ) TYPE: nucleic ncid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:2D: 

GTTAATNATT AAC 



( 2 ) INFORMATION FOR SEQ ID N0:21: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; 11 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

C i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:21: 

TATTGAYTTW G 



( 2 ) INFORMATION FOR SEQ ID NO:22: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENCn^: 12 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: sinsle 
( D ) TOPOLOGY; linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIFHON: SEQ ID NO:22: 

KGCWAROKYC AY 



( 2 ) INFORMATION FOR SEQ ID NO:23: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:23: 

NGAANNGAAN NGAAN 



( 2 ) INFORMATION FOR SEQ ID NO:24: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 10 base pain 
( B ) TYPE: nucleic aetd 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

GCCATCTGCT 



( 2 ) INFORMATION FOR SEQ ID NO:25: 

( i ) SEQUENCE CHARACTERISTICS; 

( A ) LENGTH: 16 base pain 
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( B ) TYPE: nucleic acid 

( C ) STRANDEDNESS: single 

( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRffTION: SEQ ID NO:25: 

CGGOAAATGG AAACTG 



( 2 ) INFORMATION FOR SEQ ID NO;26: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 10 base pnirs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO;26: 



{ 2 ) INFORMATION FOR SEQ ID NO:27: 

( i ) SEQUENCE CHARACTCRISTICS: 
( A ) LENGTH: 10 base pain 
( B ) TYPE; nucleic acid 
C C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i )MOUECULETYPE:cDNA 

( X i ) SEQUENCE DESCRIFnON: SEQ ID N0J7: 



( 2 ) INFORMATION FOR SEQ ID NO:28: 

{ i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 10 base paira 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ED NO;28: 



( 2 ) INFORMATION FOR SEQ ID NOi29: 

( i ) SEQUENCE CKARACIBRISTICS: 
( A ) LENGTH: 13 baic pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
C D ) TOPOLOGY: Uncar 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:29: 



( 2 ) INFORMATION FOR SEQ ID NO:30: 

( i ) SEQUENCE CHARACTERISTICS: 
C A ) LENGTH: 10 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MCLECLXB TYPE: cDNA 
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( X i ) SEQUENCE DESCRIPnON: SEQ ID N0:30: 
GCCTGC ACGC 



( 2 ) INFORMATION FOR SEQ ID N0:31: 

( i ) SEQUENCE CHARACTERISTICS: 
( A )LENCrm; ISbascpairi 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: ainjle 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPnON: SEQ ID N0:31: 

GTTAATNATT AAC 



( 2 ) INFORMATION FOR SEQ ID NO:32: 

( i ) SEQUENCE aiARACTERISTICS: 
( A ) LENGTH: 15 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPnON: SEQ ID NO:32: 

GCGCCCTTTG GACCT 



( 2 ) INFORMATION FOR SEQ ID NO:33: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 13 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE; cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO;33: 

YTAAAAATAA YYY 



( 2 ) INFORMATION FOR SEQ ID N0:34: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 13 base pain 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:34: 

TGGGGATTCC CCA 



( 2 ) INFORMATION FOR SEQ ID NO:35: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 10 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS; single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:33: 

YTAWA A AT AR 

1 0 
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( 2 ) INFORMATION FOR SEQ ID NO:36; 

( i ) SEQUENCE aiARACTERISnCS: 
{ A ) LENGTH: IS base pairs 
( B ) TYPE: nucleic acid 
( C ) STUANDEDNESS: linjjlc 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ tt> NO:36: 

AGAACANNNT GTTCT 



( 2 ) [NFORMATION FOR SEQ ID NO:37: 

( i ) SEQUENCE CHARACTERISTICS: 
C A ) LENGTH: 14 base pain 
( B ) TYPE; nucleic acid 
C C ) STRANDEDNESS: single 
C D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( i X ) FEATURE: • 

( A ) NAME/KEY: CDS 
( B ) LOCATION: 1..H 

C D ) OTHER INFORMATION: /notc=nVbac Ihia sequence can 
contain 3 or 6 N nucleotides" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:37: 

YGGMNNNNNG CCAA J 4 



( 2 ) INFORMATION FOR SEQ ID NO-38: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 19 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

C i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:38: 



( 2 ) INFORMATION FOR SEQ ID NO:39: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 10 base pairs 
( B ) TYPE: nucleic acid 
( C ) SniANDEDNESS: ainglc 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:39: 

GRGRTTKCAY 10 



( 2 ) INFORMATION FOR SEQ ID N0:40: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 10 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:40: 

GGGAMTN YCC 1 0 
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( 2 ) INFORMATION FOR SEQ ID N0:4l: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; 12 ha« pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Uncir 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:4l: 



C 2 ) INFORMATION FOR SEQ ID N0:42: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 base pairs 
{ B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: iinglc 
( D ) TOPOLOGY: linear 

C i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:42: 



{ 2 ) INFORMATION FOR SEQ ID NO:43: 

C i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; J4 base pain 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE- cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:43; 

AGAAAGGGAA AGGA 



( 2 ) INFORMATION FOR SEQ ID N0:44: 

( i ) SEQUENCE CHARACTERISTICS: 
C A ) LENGTH: 15 base pairs 
C B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY; linear 

( i i ) MOLECULE TYPE: cDNA 

{ X i ) SEQUENCE DESCRIPnON: SEQ ID NO:44: 

AGAACANNNT GTTCT 



( 2 ) INFORMATION FOR SEQ ID NO:45: 

( i ) SEQUENCE CHARACTERISTICS; 

( A ) LENGTH; 10 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIITION: SEQ ID NO:45: 



( 2 ) INFORMATION FOR SEQ ID NO;46: 

( i ) SEQUENCE CHARACTERISTICS; 
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( A ) LENGTH: 18 baic pairs 
( B ) TYPE; nucleic ncid 
( C ) STKANDEDNESS: linglc 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( i X ) FEATURE: 

( A ) NAME/KEY: CDS 
( B ) LOCATION: 1..18 

C D ) OTHER INFORMATION: Molc=^hcn: N is one or more 
nucIcoUdcs." 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:46: 
ATGGGANCTC AGCTGTGC 



C 2 ) INFORMATION FOR SEQ ID NO:47: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 12 base pairs 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

C i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:47: 



( 2 ) INFORMATION FOR SEQ ID NO:48: 

( i ) SEQUENCE CIIARACTERISnCS: 
( A ) LENGTH: 16 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:48: 



( 2 ) INFORMATION FOR SEQ ID NO:49: 

( i ) SEQUENCE CHARACTERISTICS: 
C A ) LENGTH: 11 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: ringlc 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:49: 



( 2 ) INFORMATION FOR SEQ ID N0:50: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 22 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
C D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:50: 



( 2 ) INFORMATION FOR SEQ ID N0:51: 
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( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 10 base pairi 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: lincw 

( i i ) MOLECULE TYPE: cDNA 

{ X i ) SEQUENCE DESCRIPTION: SEQ ID N0:51: 

A AG TGTTTOC 



( 2 ) INFORMATION FOR SEQ ID NO:52: 

t i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 10 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: ainglc 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

i % i ) SEQUENCE DESCRIPTION: SEQ ID NO:52: 

AGO AAGTTCC 



( 2 ) INFORMATION FOR SEQ ID NO;53: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:53: 

TCTTCTCACG CAACT 



( 2 ) INFORMATION FOR SEQ ID NO:54: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 base pain 
( B ) TYPE: nucleic acid 
{ C ) STRANDEDNESS: ainglc 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE- cDNA 

( X i ) SEQUENCE DESCRIPnON: SEQ ID NO:54: 

CACCTGNNNN TTTCCC 



( 2 ) INFORMATION FOR SEQ ID NO:53: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20 base pain 
( B ) TYTE: nucleic acid 
( C ) STRAN'DEDNESS; single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:55: 



( 2 ) INFORMATION FOR SEQ ID NO:56: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: \9 baic pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 
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C i i ) MOLECULE TYPE: cDNA 
C X i ) SEQUENCE DESCRIPTION: SEQ ED NO J6: 
GGTTAGCATA TGCTAACCA 



( 2 ) tNFORMAnON FOR SEQ ID NO:57: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 14 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:57: 

ACCGAAAACG GTGT I 4 



( 2 ) INFORMATION FOR SEQ ID NO:58: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 12 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( 6 ) TOPOLOGY: linear 

(it) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:58: 

ATGCTAATGA TA 1 2 

C 2 ) INFORMATION FOR SEQ ID NO:59: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 60 base pain 
( B ) TYPE: nucleic odd 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:59: 

GGGTCTCTCT GGTTAGACCA GATCTGAGCC TGGGAGCTCT CTGGCTAACT AGGGAACCCA 60 



( 2 ) INFORMATION FOR SEQ ID N0:60: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:60: 

GGATCTGGTT AGCATATGCT AACCAGGATC 30 



( 2 ) INFORMATION FOR SEQ ID N0:61: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 base pain 
( B ) TYPE: nucleic add . 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:61: 
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GGATCTGGTA CCGAAAACGG TACCAGGATC 30 



( 2 ) INFORMATION FOR SEQ ID NO:62: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 haic pain 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:62: 

GGATCTGGTT AGTTAGCAAT GACCAGOATC 



( 2 ) INFORMATION FOR SEQ ID NO:63: 

C i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:63: 

GGATCTGGTT AGGGGATTTC CACCAGGATC 



( 2 ) INFORMATION FOR SEQ ID NO:64: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 base pairi 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:64: 

GGATCTGGTT ATGCTAATGA TATCAGGATC 



( 2 ) INFORMAnON FOR SEQ ID NO:65: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 base pairs 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
C D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:65: 

GATCTTOGTT AGCATATGCT AACCAGATCC 



( 2 ) INFORMATION FOR SEQ ID NO:66: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pain 
( B ) TYPE: nucldc add 
{ C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:66: 

TATCTACATT AGCAATGCCT TAGCAATGTG CATA 



( 2 ) INFORMATION FOR SEQ ID NO:67; 
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( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base pairs 
( B ) TYPR nuckic acid 
( C ) STOANDEDNESS: tingle 
( D ) TOPOLOGY: linear . 

C i i ) MOLECULE ryTE:cDNA 

( » i ) SEQUENCE DESCRiraON: SEQ ID NO:67: 

TATGCACATT GCTAAGGCAT TGCTAATGTA GATA 



C 2 ) INFORMATION FOR SEQ ID NO:68: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 28 base pairs 
( B ) TYPE: nucleic acid 
( C ) STTIANDEDNESS: tingle 
( D ) TOPOLOGY: linear 

C i i ) MOLECULE TYPE: cDNA 



Cxi) SEQUENCE DESCRIPTION: SEQ ID NO:68: 
CCAGAGTGAC CGAAAACGGT GTGAGACC 



( 2 ) INFORMATION FOR SEQ ID NO:69: 

( i ) SEQUENCE CHARACTCRISTICS: 
( A ) LENGTH: 28 base pairs 
( B ) TYPE: Duelcic acid 
( C ) STRANDEDNESS: aingle 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

C X i ) SEQUENCE DESCRIPTION: SEQ ID NO:69: 



( 2 ) INFORMATION FOR SEQ ID NO:70: 

( i ) SEQUENCE CHARACTERISTICS: 
( A } LENGTH: 46 base pairs 
( B ) TYPE: nucleic acid 
( C ) SniANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:70: 

CAACAGATTG QOGATTTCCT CGOTTCCATT GGGOATTTCC TCCAOC 



( 2 ) INFORMATION FOR SEQ ID Na7I: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 47 base pairs 
( a )TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D )T0POLOGY: linear 



( i i ) MOLECULE TYPE: cDNA 



( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:71: 
GCTGAGAGGA AATCCCCAAT GGAACCGAGG AAATCCCCAA TCTGTTG 



( 2 ) INFORMATION FOR SEQ ID NO:72: 

( i ) SEQUENCE CHARACIHRISTICS: 
( A ) LENGTIi: 47 base pairs 
( B ) TYPE; nucleic ncid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Uncar 
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( i i ) MOLECULE TYPE: cDNA 
( X i ) SEQUENCE DESCRIPHON: SEQ ID NO:72: 
GCTGAGAGGA AATCCCCAAT GGAACCGAGG AAATCCCCAA TCTGTTG 

( 2 ) INFORMATION FOR SEQ ID NO:73: 

( i ) SEQUENCE CHARACTERISTICS: 
{ A ) UNGTH: SO buc pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: imgic 
( D ) TOPOLOGY: linear 

< i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPnON: SEQ ID NO:73: 

GATAGTCAGG ACTGAATGCC GTGCATQCTA ATGATATTCT TTGCTTGATC 

( 2 ) INFORMATION FOR SEQ ID NO:74: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: SO base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i ! ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:74: 

GATCAAGCAA AGAATATCAT TAGCATGCAC GGCATTCAGT CCTGACTATC 



( 2 ) INFORMATION FOR SEQ ID NO:75: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 60 baac pain 
( B ) TYPE: nucleic acid 
< C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: cDNA 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:75: 

GGGTCTCTCT GGTTAGACCA GATCTGAGCC TGGGAGCTCT CTGGCTAACT AGGGAACCCA 60 



What is claimed is: 

1. A method of screening for a compound which inhibits 
the binding of a transcription factor to a nucleic acid, said 
method comprising the steps of: 
forming a mixture by combining a labeled protein com- 50 
prising a portion of a transcription factor and a label, a 
nucleic acid conjugate, said compound and a receptor 
immobilized on a- solid substrate, wherein said nucleic 
acid conjugate comprises a nucleotide sequence and a 
ligand which specifically binds said receptor; 
incubating said mixture under conditions whereby said 
receptor is bound to said ligand. and wherein in the 
absence of said compound said labeled protein is 
sequence-spccifically bound to said nucleic acid con- 
jugate; 

separating from said solid substrate a fraction of said 
mixture, which fraction comprises said labeled protein 
if said labeled protein is not sequencc-specifically 
bound to said nucleic acid conjugate; and 

detecting the presence or absence of said label on said 
solid substrate, 



wherein the absence of said label on said solid subsu^te 
indicates said compound inhibits the binding of said 
transcription factor to said nucleic acid. 

2. A method according to claim 1, wherein said labeled 
protein sequence-specifically binds said nucleic acid conju- 
gate with a binding affinity of at least 10* M~\ 

3. A method according to claim 1, wherein said mixture 
further comprises a portion of an auxiliary protein which 
enhances binding of said labeled protein to said nucleic acid 
conjugate. 

4. A method according to claim 1, wherein said transcrip- 
tion factor is a viral transcription factor. 

5. A method according to claim 1, wherein said transcrip- 
tion factor is a bacterial transcription factor. 

6. A method according to claim 1, wherein said transcrip- 
tion factor is a plant transcription factor. 

7. A method recording to claim 1, wherein transcription 
factor is a fungal transcription factor. 

8. A method according to claim 1, wherein said transcrip- 
tion factor is a monocolyledonous or dicotyledonous plant 
transcription factor. 

9. A method according to claim 1, wherein said receptor 
is avidin and said ligand is biotin. 
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10. A method according to claim 1, wherein said label is 
a radioactive phosphorous atom. 

11. A method according to claim 1, wherein said forming 
step and said separating step are performed at least in pan by 

a computer controlled electromechanical robot. 5 

12. A method according to claim 11, wherein said robot 
comprises an axial rotatable arm and said solid substrate is 
a microliter plate. 

13. A kit for screening for a compound which inhibits the 
binding of a transcription factor to a nucleic acid, said kit lo 
comprising: 

a solid substrate, 

a labeled protein comprising a portion of a transcription 
factor and a label. 



said compound, 

a receptor inunobilized on said solid substrate, and 

a nucleic acid conjugate comprising a nucleotide 

sequence and a ligand which specifically binds said 

receptor. 

14. A kit according to claim 13, further comprising a 
computer-controllable electromagnetic robot with an axial 
rotatable arm and wherein said solid substrate is a microtiter 
plate. 
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